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PREPACK. 


The  invention  of  the  Stbam  Engine  has  been  produc- 
tive of  so  great  a  phange  in  the  arts  and  conveniences  ot 
life,  that  it  may  with  justice  be  regarded  as  an  era  in  the 
history  of  the  world.  It  is  true  that  other  inventions 
have  raised  the  intellectual  greatness  of  man,  far  beyond 
the  anticipations  of  rational  conjecture ;  that  they  have 
enabled  him  to  number  the  stars,  to  describe  their  motions^ 
and  bring  ^within  the  grasp  of  his  faculties  those  myriads 
of  orbs,  which  had  been  esteemed  far  beyond  the  compass 
of  his  vision, — to  direct  his  way  unerringly  across  the 
pathless  ocean, — to  stop  the  course  of  rivers, — to  convert 
the  shallow  brook  into  a  spacious  navigable  canal, — ^to 
fertilise  the  barren  rocks,— and  change  the  unfrequented 
desart  into  the  active  theatre  of  his  genius ! 

Bat,  however  great  were  the  capabilities  of  man  before 
the  invention  of  the  Steam  E^ngine,  they  have  since  been 
maltiplied  beyond  calculation.  The  mariner  avails  him-  • 
self  of  its  gigantic  power,  and  the  roaring  winds  and  the 
rushing  tides  no  longer  oppose  his  progress  over  the 
watery  deep; — the  miner  calls  for  its  aid — then  rivers  rise 
vertically  out  of  the  depths  of  the  earth,  which  had  pre- 
viously arrested  his  operations; — that  useful  mineral  which 
is  our  fuel,  is  torn  from  its  rocky  bed  to  supply  our 
hearths ;  and  those  invaluable  metals  are  drawn  from  their 
profound  recesses  to  form  the  implements  and  machines 
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which  are  alike  essential  to  our  national  prosperity  and 
individual  comfort. 

Stupendous  as  are  the  powers  of  the  Steam  Engine,  they 
are  so  perfectly  under  control^  alid  so  nicely  regulated, 
that  it  is  made  to  separate  the  fine  film  of  the  silk-worm, 
and  to  realise  the  fkiry  fingers  of  fiction,  by  spinning  an 
invisible  thread  I  To  use  the  elegant  language  of  Jef* 
fRsr,  ^'it  has  become  a  thing  alike  wonderful  for  its 
force  and  flexibility ;  for  the  prodigious  power  which  it 
can  exert,  and  for  the  ease  and  precision,  and  ductility 
with  which  it  can  be  varied,  distributed,  or  applied." 

Notwithstanding  the  intense  interest  which  must  attach 
to  this  subject  in  every  rational  mind,  but  very  few  works 
on  the  Steam  Engine  have  appeared  before  the  public, 
and  these  do  not  possess  such  qualifications  as  to  render 
them  of  much  utility*  Those  of  the  cheaper  class  have 
taken  too  contracted  a  view  of  the  subject,  and  are  unac- 
companied with  investigations  of  the  practical  advantages 
or  defects  of  the  machines  under  notice;  while  those  of 
the  expensive  kind  are  unnecessarily  elaborate  in  their 
minute  details,  and  their  investigations  are  too  abstruse 
for  the  comprehension  of  readers  who  have  not  made  con- 
siderable progress  in  mathematical  science.  In  the  one 
case,  therefore,  the  ardent  seeker  for  information  will 
meet  with  little  more  tlum  amusement ;  and  in  the  other, 
he  will  find  the  knowledge  inaccessible,  from  the  manner 
in  which  it  is  exhibited. 

In  the  Treatise  now  presented  to  the  reader,  Mr.  Gal- 
loway has  steered  a  middle  course,  and  thereby  avoided 
those  defects  which  have  rendered  the  labours  of  his  con- 
temporaries  of  very  limited  utility.  The  work  was  origi- 
nally published  about  two  years  ago,  and  it  has  since  met 
with  so  extensive  a  sale,  as  to  induce  the  Proprietor  to 
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•esd  forth  a  oew  and  improved  edition,  after  haying 
nadergone  a  careful  revisal  by  its  Author,  who  had  taken 
t^  opportonity  of  introducing  some  interesting  and 
important  matter,  which  the  readers  of  the  first  edition 
will  readily  perceive  and  appreciate.  It  contains  all  the 
natter  of  the  first  edition,  but  in  a  more  correct  form ; 
consisting  of  descriptive  accounts  of  all  the  various  Steam 
fiigines  that  have  been  invented  since  the  time  of  Hero 
the  elder,  (who  flourished  180  years  before  Christ,)  dowif 
to  the  year  1827;  together  with  a  critical  and  minute 
investigation  of  their  merits  and  defects.  To  this  portion 
of  the  work,  which  forms  the  first  section,  Mr.  Galloway 
has  added  a  second  section  on  Steam  Navigation,  and  a 
tkird  on  Locomotive  Steam  Carriages. 

To  the  original  work,  thus  improved,  has  been  added, 
ID  the  present  edition,  a  copious  AppbvdiI,  which  has 
been  supplied  by  Mr.  Lukb  Hbbebt,  whose  avocation,  as 
Editor  of  the  Register  of  Arts,  and  Journal  of  Patent 
Inventions,  ps^uliarly  qualifies  him  for  the  task. 

On  the  importance  of  the  subjects  introduced  into  the 
Appendix,  it  will  be  unnecessary  to  dilate,  as  the  simple 
statement  of  their  nature  will  at  once  carry  conviction  to 
the  mind.    They  are  divided  into  eight  sections,  viz. 

The  first  section,  treats  of  the  mature  and  properties  qf 
steam  and  other  vapcmsj  whose  elastic  forces  have  been 
employed  or  propcsed  as  mechanical  agents  for  impelling 
machinery ;  this  subject,  of  necessity,  includes  a  dissertation 
on  the  interesting  pSnenom^na  qfheat. 

The  second  section,  coutaips  some  preliminary  observa- 
tions on  the  construction  of  apparatus  for  the  generation 
of  steam,  with  descriptions  of  all  the  important,  among 
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the  Tery  numerous,  bailers  which  have  been  recently  in- 
vented, or  become  the  subject  of  patent-rights;  including 
also  a  dissertation  on  sitfety  valvesy  with  accounts  of  a 
variety  of  contrivances  to  prevent  dangerous  explosions. 

The  third  section,  relates  to  the  constituent  parts  qf 
steam  engines  generally^  in  which  their  oflSces  ate  sepa* 
rately  considered,  and  the  relative  proportions,  construc- 
tion, and  arrangement,  described. 

The  fourth  section,'  contains  interesting  accounts  of  a 
variety  of  newly-invented  machinery  for  the  propulsion 
qf  steam  vessels. 

The  fifth  section,  is  descriptive  of  the  various  loconuh 
live  steam  carriages  that  have  been  recently  constructed, 
^r  that  are  at  present  under  a  course  of  experimental  trials. 

The  sixth  section,  contains  accounts  of  various  engi$ies 
in  which  the  elastic  force  of  the  vapours  of  ether^  alcohol^ 
essential  oilsj  as  well  as  carbonic  acid  gasj  <Umospheric  air^ 
and  water  are  employed  to  produce  motive  power. 

The  seventh  section,  is  descriptive  of  a  variety  of  steam 
engines^  many  of  which  having  been  invented  since  the 
date  of  the  last  engine  described  by  Mr.  Oallow  at,  may 
be  regarded  as  a  continuation  of  his  History. 

The  eighth  section,  contains  a  detail  of  numerous  expe- 
riments on  the  vmght  and  strength  qf  materials^  besides  a 
variety  of  tabular  matter,  conveying  information  of  the 
greatest  practical  utility  in  the  art  of  construction* 
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Thb  source  from  which  the  Steam  EDgine,  in  all  its  varied 
modi6catioii9,  derives  its  power,  is  a  property  which  water 
possesses  of  becoming  expanded  by  heat.  This  property 
begins  to  operate  at  a  temperature  of  40^  of  Fahrenheit, 
below  which  it  also  possesses  the  opposite  quality  of  ex- 
panding  by  the  decrease  of  heat.  When  the  temperature 
exceeds  40^,  it  remains  fluid  until  heated  to  212^;  it  then 
acquires  the  power  of  passing  off  in  an  aeriform  state, 
and  becoming  vapour  or  steam,  which  b  an  extremely  light 
and  elastic  body,  and  may  be  retained  in  a  close  vessel  of 
sttiRcient  strength,  even  when  it  is  capable,  unconfined,  of 
expanding  itself  to  several  hundreds  of  times  the  area  of  its 
prison.  In  its  confined  state,  it  exerts  a  force  against  the 
sides  of  the  vessel  proportionate  to  its  compression ;  which 
force  being  applied  to  water,  or  any  other  matter  interve* 
ning  between  the  steam  and  the  channel  of  escape,  exerts 
itself  on  the  intervening  matter,  and  thereby  puts  it  in 
motion. 

This  is  the  most  palpable  and  evident  property  of  steam, 
and  there  can  be  no  doubt  that  mankind  have  been  ac- 
quainted with  it  from  the  earliest  dawn  of  civilisation. 
But  there  is  another  method  of  deriving  power  from  steam,- 
which,  though  equally  useful,  is  not  so  easily,  discerned  as 
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the  former.  This  is  the  fiiculty  which  it  possesses  of  being 
instantly  condensed  by  cold,  and  re-converted  into  water 
By  this  property  a  partial  vacuum  may  be  produced  in  a 
vessel  which  was,  an  instant  before,  61led  with  steam ;  and 
if  we  suppose  a  tube  coniieeted  with  that  vessel,  and  a  well 
not  exceeding  twenty-five  feet  below,  the  pressure  of  the 
atmosphere  will  act  upon  the  surface  of  the  water  in  thQ 
well,  and  thereby  raise  it  up  through  the  tube  and  fill  the 
vessel. 

When  this  latter  property  of  steam  was  first  known,  it  is 
now  impossible  to  determine.  In  the  earliest  experiments, 
the  expansive  force  alone  appears  to  have  been  applied, 
and  that  merely  in  an  ineffective  toy,  known  by  the  name 
of  the  oelopile.  The  first  individual  on  record  who  used 
it,  appears  to  have  been  Hero^  the  elder,  an  Alexandrian, 
who  flourished  ^bout  one  hundred  and  thirty  years  before 
the  Christian  enu  In  his  work,  entitled  SpiritaUoj  or 
PneumaticOj  among  other  ingenious  discoveries,  he.  de- 
scribes a  machine  to  which  motion  is  to  be  given  by  the 
force  of  steam.  It  consisted  of  a  hollow  globe,  having 
tubular  arms,  running  in  opposite  directions.  These  tub^ 
had  an  opening  at  different  sides,  near  their  extremity. 
The  globe  was  suspended  upon  centres,  fixed  upon  pillars. 
One  of  those  pillars  was  hollow,  as  also  was  one  of  the 
centres  or  axes.  Steam  was  introduced  from  ^  cauldron,  or 
heated  vase,  which,  issuing  through  the  hollow  column  and 
axis  into  the  globe,  and  so  through  the  arms  into  the  open 
air,  produced  a  rotary  motion,  in  the  same  manner  as 
water  produces  that  of  Barker's  milL 

In  the  dark  ages  which  succeeded  the  overthrow  of  the 
empires  of  Greece  and  Rome,  history  furnishes  no  instance 
of  an  attempt  to  use  the  powerful  agency  of  steam,  until  the 
year  1663,  when  one  Mathesius  suggested  the  possibility  of 
constructing  a  machine  by  which  it  could  be  worked  by 
steam.  In  the  year  1597,  a  book,  printed  at  Leipsic,  de- 
scribes a  ^*  Whirling  Oelopile^^*  which,  it  is  suggested^  is 
well  adapted  to  disDenoo  with  the  services  of  the  turnspit 
dog. 

Up  to  this  date  we  cannot  trace  any  thing  important 
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tdatlve  to  the  application  of  ateam,  excepting  what  we 
l»re  already  stated.  We  are  unable,  at  thia  period,  to 
form  any  idea  w  to  the  originality  of  the  ptana  which  have 
been  named.  It  is  impossible  to  state  whether  Ihey  were 
descriptiona  of  what  was  generally  known,  or  they  were 
the  invention  of  those  by  whom  they  were  claimed.  Nor 
ahould  our  readers  be  surprised  at  the  obscurity  in  which 
these  matters  are  involved,  when  they  reflect,  that  there 
is  frequently  great  difliculty  in  deciding  who  are  the  in- 
ventors of  the  most  meritorious  productions  of  oar  own 
fimea. 

Having  briefly  stated  what  is  recorded  respecting  the 
earlier  history  of  the  steam  engine,  when  it  hadnerely  the 
character  of  a  philosophic  toy,  we  come  to  speak  of  the 
Snt  attempt  towards  its  adoption  aa  a  powerful  agent. 

It  is  described  in  a  work  by  Solomon  de  Cans,  an  emi- 
Beat  French  mathematician  and  engineer,  published  in 
1615,  entitled,  "  Les  Raisons  des  Force  mouvantes  arec 
divere  Desneins  de  Fontains." 

The  following  description 
will  ezp^ia  the  principle  of 
his  inventioD. 

a  19  a  spherical  veaael,  pla- 
ced over  a  fire;  it  is  furnished 
vitli  two  pipes,  b,  e.  The 
^pe  <  is  open  at  the  top,  and 
readies  down  to  the  bottom 
of  the  vessel  a.  The  pipe  b 
k  fiimished  with  a  cock  d, 
and  faenel  c.  The  ressel 
being  filled  with  water,  and 
fire  applied,  steam  is  speedily 
generated  upon  the  surface  of 
the  water,  and  having  no  other 
way  to  escape,  the  cock  d 
being  stuped,  presses  on  the 
tarlace,  and  so  forces  it  up 
thetubeeinto  the  air,  causing    (De  Cam's  Engine.      Ifil5.) 
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a  jet,  which  varies  in  proportion  to  the  elasticity  of  tin 
steam  within. 

De'Caus  appears,  also,  to  have  been  aware  that  a  Tacuum 
could  be  obtained  by  the  condensation  of  steam,  but  we 
have  no  opportunity  of  knowing  whether  he  ever  thought 
of  using  it  as  a  means  of  iucreading  the  power  of  his 
machine. 

The  engine  which  next  demands  our  attention,  both  on 
account  of  its  importance  and  date,  is  that  invented  by 
Giovanni  Branca,  an  Italian  mathematician,  wbt  resided 
at  Rome,  at  the  commencement  of  the  seventeenth  century. 
We  are  indebted  for  our  knowledge  of  this  machine  to  his 
own  account,  published  in  1620.*  The  drawing  which  he 
there  furnishes  must  be  understood  rather  as  an  ornamental 
illustration  of  his  plan,  than  as  the  form  in  which  it  was 
actually  constructed :  we  have,  therefore,  given  one  which 
we  conceive  to  be  more  consistent  with  the  end  he  proposed 
to  effect  by  its  use. 
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The  boiler  of  this  engine  is  represented  by  a ;  6  is  the 
fire  grate;  c  asmall  pipe,  provided  with  a  stop  cock/;  d  is 
a  wheel  furnished  with  vanes ;  c  is  a  crank  which  gives  mo- 
tion,  through   the  medium   of  the  suspended   rod,    to   a 


^'okcesteh's  engine. 


B(a/iii)fr  for  pounding  drugs.  The  principle  ofaction  if-— 
that  sieaai  is  generated  in  the  boiler,  and  rushes  violently 
agaiost  the  vanes,  which  causes  the  wheel  to  revolve,  and 
thus  produces  a  reciprocation  of  the  rod  and  stamper. 

This  invention  had  remained  unnoticed  but  by  the  learned, 
until  the  last  few  years.  It  is  described  by  Partington,  iii 
his  History  of  the  Steam  Engine,  who  goes  so  far  as  to 
allow  Branca  the  merit  of  the  first  idea.  We  believe  our 
readers  will  perceive  that  to  this  honour  Branca  has  no 
claim.  His  engine  is  on  the  same  principle  as  Hero's,  only 
differently  modified.  Its  ingenuity  is  decidedly  inferior  to 
its  prototype,  both  in  simplicity  and  effect. 

But  of  all  the  various  applications  of  the  elastic  force  of 
fileam,  nothing  of  this  period  ha9  stood  so  high  in  public 
estimation  as  a  brief  description  of  ^^  a  fire-water  toorkj* 
contained  in  the  Marquis  of  Worcester's  c^elebrated  ^'  Cen- 
tury of  Inventions/'  dated  1663  ;  the  original  manuscript 
of  which  is  preserved  in  the  British  Museum.  The  follow- 
ing is  the  Marquis's  own  description  :-^ 

^^  An  admirable  and  most  forcible  way  to  drive  up  water 
by  fire,  not  by  drawing  or  sucking  it  upwards,  for  that  roust 
be,  as  the  philosopher  calls  it,  infra  spluBram  activitatte^ 
which  is  but  at  sucjb  a  distance.  But  this  way  hath  no 
bounder,  if  the  vessels  be  strong  enough;  for  1  have  taken 
a  piece  of  a  whole  cannon,  whereof  the  end  was  burst,  and 
filled  it  three-quarters  full,  stopping  and  screwing  up  the 
broken  end,  as  also  the  touch-hole,  and  making  a  constant 
fire  under  it;  within  twenty-four  hours  it  burst,  and  made 
a  great  crack ;  so  that  having  found  a  way  to  make  my  ves- 
selsy  so  that  they  are  strengthened  by  the  force  withiji  them, 
and  the  one  to  fill  after  the  other,  1  have  seen  the  water 
run  like  a  constant  fountain-stream  forty  feet  high ;  one 
vessel  of  water,  rarified  by  fire,  driveth  up  forty  of  cold 
water;  and  a  man  that  tends  the  work,  is  but  to  turn  two 
cockn,  that  one  vessel  of  water  being  consumed,  another 
begins  to  force  and  refill  with  cold  water,  and  so  succes- 
aively,  the  fire  being  tended,  and  kept  constant,  which  the 
self-same  person  may  likewise  abundantly  perform  in  the 
interim,  between  the  necessity  of  turning  the  said  cocks.'* 
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From  thb  account  Dr.  Robinson  founds  an  opinion;  that 
**  the  steam  engine  was,  beyond  all  doubt,  the  invention  of 
the  Marqub  of  Worcester.*'  It  is  probable  that  the  learned 
doctor  was  unacquainted  with  De  Cans  and  Branca's 
previous  experiments,  or  he  could  not  have  come  to  this 
conclusion.  But  whilst  we  cannot  admit  the  Marquis  to  be 
entitled  to  the  extravagant  encomiums  which  have  been 
lavished  upon  him,  we  are  far  from  disallowing  his  inven* 
tion  to  possess  merit  and  originality.  The  annexed  drawing 
we  consider  to  embody  the  Marquis's  idea  more  perfectly 
than  any  we  hkve  seen,  although  there  must  be  several  parts 
unexplained* 

The  most  difficult  and  unintelligible  seems  to  have 
been  the  ^^  forcing  and  refilling,*'  which  (but  for  its 
being  a  mechanical  impossibility)  one  should  imagine  to 
mean  that  both  these  operations  were  going  on  at  the  same 
time,  in  the  same  vessel.  The  easiest  way  of  getting  over 
this  difficulty  seems  to  be  by  supposing  the  ^'  refilling"  to 
allude  to  the  filling  of  the  cistern,  to  which  the  water  must 
be  elevated.  So  that,  instead  of  saying,  ^'  the  other  begins 
to  force  and  refill,"  we  should  say,  the  other  begins  to  force 
and  r^Ul  the  cistemm  This,  we  confess,  is  a  straining  of  the 
text,  but  at  the  same  time  much  less  so  than  Dr.  Brewster's 
corrections,  who  reads  :  ^^  One  vessel  of  water  being  con- 
sumed, another  begins  to  force,  and  then  to  fill  itself  with 
cold  water>;"  or  than  the  author  of  Stewart's  History  of  the 
Steam  Engine,  who,  in  order  to  accommodate  the  text  to 
his  idea  of  the  engine,  makes  an  emendation  by  saying,  ^^  to 
force  and  empty  of  cold  water." — ^The  strengthening  of  a 
vessel  by  the  force  within,  also  appears  to  be  a  mechani- 
cal impossibility ;  but  we  conceive  that,  to  an  extent  equal 
to  any  force  required  for  raising  water,  a  boiler,  of  the 
form  represented  in  the  figure,  would  be  strengthened  by  the 
internal  pressure. 
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lo  the  above  figure,  a  represents  tbe  boiler,  composed  of 
•rcbed  iron  plates,  with  their  convex  siclee  turned  inwards, 
they  are  fastened  at  the  joinings  by  bolts  passing  through 
boles  in  their  sides,  which  also  pass  through  the  ends  of  the 
rods  Hi.  A  series  of  which  rods  extend  from  end  to  end  of 
the  boiler,  being  a  few  inches  apart.  The  ends  of  this  boi< 
ler  are  hemispherical,  and  are  fastened  to  flanges  on  the 
plates  AAA  A.  It  will  appear  evident  that,  each  plate 
being  an  arch,  before  the  boiler  can  burst,  several,  if  .not 
Dearly  all  the  rods  1 1,  must  either  be  pulled  asunder,  or 
torn  from  the  bolts  at  the  points  of  junction ;  and  as  the 
strength  of  the  rods  and  bolts  may  be  increased  to  any  ex- 
tent, without  interrupting  the  action  of  the  fire,  there  can 
be  no  doubt  but  that  a  boiler  might  be  so  constructed  as  to 
be  perfectly  safe  under  any  pressure,  which  could  be  re- 
quired for  raising  water  to  a  given  height,  because  the 
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pressure  in  such  a  boiler  will  never  exceed  the  weight  of  a 
column  of  water,  equal  in  height  to  the  elevation  of  the 
cistern. 

b  c  represent  two  ressels,  which  cominuriicate  with  the 
lioiler  a,  by  means  of  the  pipes//,  and  three-way  cocks  m  n, 
and  with  the  reservoir  from  which  the  water  is  to  be  drawn 
by  the  pipes  /  /.  g  g  are  two  tubes,  through  which  the 
water  is  elevated  to  the  cistern ;  they  reach  nearly  to  the 
bottom  of  the  vessels  6  c,  and  are  open  at  each  end.  The 
pipe  /)  also//,  communicate  with  the  vessels  6  c,  by  means 
of  the  three-way  cocks  m  n,  which,  by  moving  the 
handles  o  p,  can  be  so  placed  that  either  the  steam  from  the 
boiler,  or  the  water  from  the  reservoir,  shall  instantly 
have  access  to  the  vessels  6  c. 

^ire  having  been  kindled  under  the  boiler  a,  in  the  fur- 
nace c^  ^^  the  man  who  tends  the  work"  places  the  cock  it, 
in  the  position  represented  in  the  drawing,  whien  the  water 
will  have  free  access  from  the  reservoir  to  the  vessel  c, 
whjch  being  filled,  the  handle  p  is  turned  back,  so  that  the 
cock  shall  be  relatively  in  the  position  shown  atm;  the 
steam  then  fairly  enters  through  the  pipe/,  intd  the  vessel  c, 
and  having  no  other  mode  of  escape,  presses  on  the  surface 
ofthe  water,  which  it  forces  up  through  the  pipe  9.  During 
thi^  operation,  (the  cockm  having  been  placed  as  shewn  at 
^  the  vessel  6  is  filling  from  the  reservoir  through  the  pipe 
I;  so  that  the  water  in  the  vessel  c,  being  consumed,  tlie 
man  turns  the  handle  o,  of  the  cock  p,  and  admits  the  ste^m 
on  the  surface  ofthe  water  inA,  shutting  off,  by  thesameope- 
ration,  the  communication  between  b  and  the  reservoir;  the 
other  then  begins  to  repeat  the  act  of  filling  the  cistern^  **and 
so  successively,  the  fire  being  tended  and  kept  constant.*' 

This  apparatus,  we  submit,  approaches  nearer  than  any 
to  the  idea  which  we  ofthe  present  day  might  form  from  the 
Marquis's  description  ;  but  it  should  be  observed,  that,  by 
such  a  modification,  we  may  be  giving  him  credit  for 
arrangement  to  an  extent  which  he  himself  never  contem- 
plated. In  fact,  though  there  can  be  no  doubt  but  that  he 
meant  to  describe  a  machine  actuated  by  the  forte  of 
steam,  yet  the  absurdity  of  many  of  the  remaining  nine- 
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ty^oine  of  his  projects  and  the  ambiguity  of  this,  warrant 
us  to  hazard  a  conjecture  that  he  intended  to  gain  his 
object  by  some  arrangement  of  mechanism  equally  absurd 
with  them.  That  hb  description  is  ambiguous  and  con- 
tradictory, none  can  deny ;  in  fact,  the  strongest  evidence 
of  this^  is  the  very  different  manner  in  which  ingenious  mea 
have  attempted  to  represent  his  machine* 

But,  whatever  yalue  may  be  set  on  the  Marquis's  merit 
as  an  inventor,  we  have  not  the  slightest  evidence  of  his 
having  carried  any  of  his  projects  into  execution.  In  truth, 
judging  by  the  character  of  the  tnan,  many  have  been  led  to 
question  his  title  to  their  invention ;  for,  according  to 
Walpole,  ^^He  appears  in  a  very  different  light  in  his  public 
character,  and  in  that  of  an  author.  In  the  former,  he  wad 
an  active  sealot;  and  in  the  latter,  a  fantastic  mechanic:  in 
both,  very  credalous/' — ^^  We  find  him  taking  oath  upon 
oath  to  the  Pope's  nuncio,  with  promises  of  unlimited  obe-» 
dience  both  to  his  holiness  and  to  his  delegate ;  and  begging 
five  hundred  pounds  of  the  Irish  clergy,  to  enable  him  to 
embark  and  fetch  fifty  thousand  pounds;  like  an  alchymist 
who  begs  a  trifle  of  money,  for  the  secret  of  making  gold  ;** 
— when,  according  to  another  author,  ^'  he  had  not  a  groat 
in  his  purse,  or  as  much  gunpowder  as  would  scare  a  corbie.'^ 

About  twenty  years  after  this,  (1682  and  1683),  we  find 
Sir  Samuel  Moreland,  in  France,  endeavouring  to  promote 
a  project  for  raising  water  by  steam.  His  invention  was 
exhibited  to  the  French  King,  at  St.  Germains ;  but,  unfor^ 
tunately,  no  record  remains  of  the  experiment.  An  ac- 
count of  some  of  his  experiments  on  the  force  of  steam, 
however,  is  preserved  among  the  Harleian  Manuscripts*  in 
the  British  Museum,  which  is  evidently  the  result  of  great 
care,  and  exhibits  much  correctness  in  the  calculations. 

A  bout  the  year  1680,  Dr.  Denys  Papin,  a  native  of  Blois, 
commenced  a  series  of  experiments  on  the  power  of  steam, 
which  terminated  in  the  construction  of  an  useful  and  inge- 
nious machine,  a  description  of  which  we  will  speedily  give. 
In  1684  he  had  discovered  the  method  of  dissolving  bones 
by  steam  of  a  very  high  pressure  «nd  temperature,  and  in 
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this  inTention  introduced  that  simple  but  inseparable  accom- 
paniment of  every  steam  engine,  THE  SAFETY  VALVE. 
This  invention  (without  which  steam  would,  long  ere  this, 
have  been  abandoned  as  a  most  dangerous  and  ungovern- 
able agent,)  entitles  Papin  to  universal  admiration ;  since  it 
has  contributed  more  than  any  single  addition  or  improve- 
ment to  the  maturity  of  the  steam  engine. 

The  course  of  Papin's  experiments  occupied  a  number  of 
years,  and  in  their  progress  many  ideas  occurred  to  him, 
which  have  since  been  adopted  as  important  improvements. 
His  earliest  project  was  that  of  using  an  air  pump,  for  the 
purpose  of  transmitting  power  to  some  distance,  in  order  to 
raise  water  where  the  first  mover  could  not  be  conveniently 
applied.  For  instance,  where  a  fall  of  water  could  be  ob- 
tained, he  proposed  to  er«ct  a  water  wheel,  which  should 
work  an  air  pump.  This  air  pump  he  intended  to  connect 
by  pipes  with  another  pump  at  the  place  where  the  mine 
was  situated.  When  by  the  crank  on  the  water  wheel  the 
piston  of  one  pump  was  depressed,  the  air  in  the  pipes 
would  be  condensed,  and  force  up  the  piston  of  the 
other  cylinder ;  and  when  the  piston  of  the  first  cylin- 
der was  elevated,  that  of  the  second  would  be  drawn 
down  by  partial  vacuum  which  the  elevation  produced. 
This  experiment  failed  even  in  a  model,  owing  to  the 
great  compressibility  of  the  air,  and  Papin  directed  his 
studies  to  the  discovery  of  some  means  of  forming  a  va- 
cuum under  his  piston.  In  1688  he  described  a  method 
of  effecting  this,  by  first  displacing  the  air  by  exploding 
gunpowder.  This  he  abandoned  as  dangerous ;  and,  finally, 
after  various  experiments  and  failures,  in  1690  he  suggested 
the  employment  of  steam  for  raising  the  piston,  and  after- 
wards forming  a  vacuum  in  the  cylinder  by  its  condensation. 
He  states — ^^  that  in  a  little  water,  changed  into  steam  by 
means  of  fire,  we  can  have  an  elastic  power  like  air ;  but 
that  it  totally  disappears  when  chilled,  and  changes  into 
water,  by  which  means  he  perceived,  that  he  could  contrive 
a  machine  in  such  a  manner  that  with  a  small  fire  he  could 
be  able,  at  a  trifling  expense,  to  have  a  perfect  vacuum.^* 
After  noticing  the  difficulty  of  making  a  vacuum  by  gun- 
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powder,  he  observes,  *'  where  there  may  not  be  the  eonye* 
niency  of  a  near  riyer  to  turn  the  aforesaid  engine,  I  pro- 
pose  alternately  turning  a  small  surface  of  water  into  vapour 
by  fire,  applied  to  the  bottom  of  the  cylinder  which  con* 
tains  it :  which  vapour  forces  up  the  plug  or  piston  in  the 
cylinder  to  a  considerable  height,  and  which,  as  the  water 
cools  when  taken  from  the  fire,  descends  again  by  air*s 
pressure,  and  is  applied  to  raise  water  out  of  the  mine.*' 

This,  as  frr  as  discovery  goes,  entitles  Papin  to  the  merit 
of  having  first  invented  the  well-known  Atmospheric  Steam 
Engine :  and,  probably,  had  he  followed  up  the  idea  by 
actual  experiment,  we  would  have  had  to  record  him  %s  the 
man  who  first  brought  it  into  successful  operation.  But  the 
greatest  merit  is  not  always  due  to  the  inventor ;  thousands 
of  the  most  brilliant  discoveries  have  perished  for  want  of 
industry  or  talent  to  foster  them.  The  man  who  first  invents 
and  afterwards  struggles  through  every  difficulty,  and  by 
the  greatest  sacrifices  and  perseverance  brings  it  into  actual 
practice,  perhaps  outsteps  the  projector  of  the  most  refined 
contrivance  of  which  history  can  boast. 

Whilst  Papin  was  prosecuting  these  interesting  experi- 
ments, a  sea-faring  man,  named  Thomas  Sa very,  or,  as  he  is 
commonly  called,  Captain  Savery,  was  engaged  in  England, 
io  endeavouring  to  bring  into  notice  an  engine  of  his  in* 
vention,  which  possessed  great  merit*  The  description  of 
his  machine  was  published  in  a  woik  of  his,  called  ^^  The 
Miner's  Friend."  This  work  is  dated  170S,  and  contains, 
besides  a  candid  detail  of  the  principle,  much  useful 
instraetion  relative  to  the  proper  management  of  his 
machine.  The  liberality  and  honest  appeal  to  experiment 
which  pervades  ^he  whole  work,  forms  a  rare  and  strik* 
ing  contrast  witt\  the  self-sufficiency  and  conceit  which 
are  too  generally  to  be  found  in  productions  of  this 
nature.  Savery  exhibited  his  model  before  King  William, 
who  .warmly  interested  himself  in  the  project.  In  June, 
1099,  he  obtained  a  patent,  granting  him  the  exclusive 
privilege  of  manuiacture.  We  subjoin  a  description  nearly 
in  the  words  of  the  inventor. 
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(Sstwry**  Patent  EHgine,    1609.) 

"The  fiest  thinff  ia,  to  fix  the  engine  in  a  good  double 
jiirnace,  so  contrived  that  tbe  flame  of  your  fire  may  circa- 
late  round,  and  encompass  your  boilers,  as  you  do  coppers 
for  brewing.  Before  you  make  any  fire,  nnitcrew  G  and  N, 
being  tbe  two  small  guagt  jMpet  and  cocks  btilonging  to  the 
two  boilers,  and  at  tbe  holes  fill  L,  the  la^e  hoiler,  two- 
thirds  full  of  water,  and  D,  the  small  boiler,  quite  full.  Tben 
screw  on  the  said  pipes  again  as  fast  and  as  tight  aa  possi- 
ble. Then  light  the  fire  at  B,  and,  when  the  water  in  L 
boils,  open  tbe  cock  of  the  first  vessel  P  (shown  in  section) 
which  makes  all  the  steam  rising  from  the  water  in  L  pass 
with  irresistible  force  through  O  into  F,  ptisbtng  out  all  the 
air  before  it  through  tbe  clack  R ;  and  when  all  ia  gone  out, 
the  bottom  of  tbe  vessel  P  will  be  very  hot ;  then  shut  the 
cock  of  tbe  pipe  of  this  vessel,  and  open  the  cock  of  the 
other  vessel  P,  until  that  vessel  has  discharged  its  air  through 
the  clack  R  up  the  force  pipe  S.  In  the  mean  time,  by  the 
ttmm'M  condenting  in  the  vessel  P,  a  vacuum,  or  emptiness, 
ii  created,  so  that  tbe  water  from  the  well  must  and  will 
necessarily  rise  up  through  the  sucking  pipe  T,  lifting  up 
the  clack  M,  and  filling  the  vessel  P. 

"  In  the  mean  lime,  the  first  vessel  P  being  emptied  of 
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its  air,  open  the  cock  again,  and  the  force  is  upon  the  sur- 
face of  the  water,  and  presses  with  an  elastic  quality  like 
air,  still  increasing  in  elasticity  or  spring  till  it  counter- 
poises, or  rather  exceeds,  the  weight  of  the  water  ascending 
in  S,  the  pipe,  out  of  which  the  water  in  it  will  be  imme- 
diately  discharged  when  once  gotten  to  the  top,  which 
takes  up  some  time  to  recover  that  power;  which  having 
once  got,  and  being  in  work,  it  is  easy  for  one  that  never  saw 
the  engine,  after  half  an  hour^s  experience,  to  keep  a  con- 
stant stream  running  out  the  full  bore  of  the  pipe.  On  the 
outside  of  the  vessel  you  may  see  how  the  water  goes  out,  as 
well  as  if  the  vessel  were  transparent ;  for  as  far  as  the 
steam  continues  within  the  vessel,  so  far  is  the  vessel  dry 
without,  and  so  very  hot,  as  scarce  to  endure  the  least 
touch  of  the  hand.  But  as  far  as  the  water  h^  the  said  ves- 
sel will  be  cold  and  wet  where  any  water  has  fallen  on  it, 
which  cold  and  moisture  vanishes  as  fast  as  the  steam  in 
its  descent  takes  place  of  the  watef ;  but  if  you  force  all 
the  water  out,  the  steam,  or  a  small  part  thereof,  going 
through  P,  will  rattle  the  clack,  so  as  to  give  sufficient 
notice  to  change  the  cocks,  and  the  steam  will  then  begin 
to  force  upon  the  other  vessel  without  the  least  alteration 
in  the  stream,  only  sometimes  the  stream  of  water  will  be 
somewhat  stronger  than  before,  if  you  change  the  cocks  be- 
fore any  considerable  quantity  of  steam  be  gone  up  the 
clack  R :  but  it  is  better  to  let  none  of  the  steam  go  oflT, 
for  that  is  losing  so  much  strength,  and  i^  easily  prevented, 
by  altering  the  cocks  some  little  time  before  the  vessel  is 
emptied.'* 

The  ingenious  inventor  goes  on  to  explain  minutely  the 
ease  with  which  his  engine  could  be  managed ;  however, 
we  have  quoted  sufficient  to  shew  clearly  the  mode  of  ope- 
ration. He  gives  no  proportions  of  the  parts,  nor  is  it 
probable  that  he  himself  established  any  rule,  but  prin- 
cipally erected  his  engines  by  a  kind  of  mechanical  tact, 
which  he  possessed  in  a  wonderful  degree.  He  seems  to 
nave  considered  that  the  strength  of  his  machine  was  the 
only  Hroit  to  be  observed;  *^for,"  says  he,  "  1  will  raise 
you  water  500  or  1000  feet  high,  could  you  find  us  a  way 
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to  procure  slrong^th  enough  for  such  an  immense  weight  as 
a  pillar  of  water  of  that  height ;  but  my  engine,  at  60,  70, 
or  80  feet,  raises  a  full  bore  of  water  with  much  ease.*' 

Captain  Savery's  invention  shews  him  to  have  been  a 
man  of  extraordinary  talent  and  ingenuity.  The  real  benefit 
which  it  conferred  upon  society  was  not  alone  confined  to 
he  reduction  of  animal  labour :  it  had  the  effect  of  enabling 
ngenious  mechanics  to  direct  their  energies  to  a  subject 
which  had  hitherto  been  a  matter  of  mere  philosophical 
(Speculation.  It  furnished  material  for  study ;  and,  though 
it  was  adopted  with  caution,  and  to  a  very  limited  extent 
by  the  mining  districts,  there  can  be  no  doubt  but  it  was 
the  means  of  sowing  those  seeds  of  talent  which  have  since 
enabled  this  country  to  outstep  every  other  in  the  superior 
manufacture  of  steam  machinery. 

The  honourable  fame  which  the  invention  obtained  him 
could  not  be  enjoyed  without  detraction.  Envious  con- 
temporaries  were  busily  engaged  in  endeavouring  to  injure, 
by  fake  accusation,  the  character  which  Savery  obtained 
Desaguliers  uncquivotably  asserts  t|iat  Captain  Savery 
merely  put  in  practice  the  Marquis  of  Worcester's  plan  for 
raising  water ;  and,  the  better  to  conceal  the  fact,  bought 
up  and  burnt  all  the  copies  of  Lord  WorcesterVWork  on 
which  he  could  lay  his  hands.* 

It  has  been  very  properly  observed  by  Dr.  Robinson,  that 
such  a  charge  ought  to  be  substantiated  by  very  distinct  evi- 
dence. Now,  as  we  have  no  evidence,  excepting  that  of  Dr. 
Desaguliers,  we  shall  inquire  as  to  the  value  which  may  be 
set  on  his.  We  shall  go  no  further  than  quote  his  account 
of  the  origin  of  packing  the  piston  of  a  steam  engine.  He 
states,  that  ^'  having  screwed  a  large  broad  piece  of  leather 
to  the  piston,  which  turned  up  the  sides  of  the  cylinder  two 
or  three  inches,  in  working,  it  wore  through,  and  cut  that 
piece  from  the  other,  which,  falling  flat  on  the  piston, 
wi ought  with  its  edge  to  the  cylinder,  and,  having  been  in 
A  long  time,  was  worn  very  narrow ;  which  being  taken 
out,  they  had  the  happy  discovery,  whereby  they  found  that 
a  oridle  rein,  or  even  a  soft  thick  piece  of  rope,  going 
roLndy  would  make  the  piston  air  and  water  tight.*'    On 
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which  Hornblawer  reniarkf^,  that  ^^we  need  not  say  any  thing 
to  the  practical  engineer  about  leathering  a  steam  piston  ; 
nor  is  it  necessary  to  comment  on  the  Doctor^s  acquaint- 
ance with  steam  and  leather  in  contact." 

This  extract  we  imagine  will,  by  impugning  the  Doctor's 
Teracity,  completely  set  at  rest  the  charge  made  against 
Captain  Savery ;  but  admitiing,  for  the  sake  of  argument, 
that  he  was  even  acquainted  with  the  ^'  Century  of  Inven- 
tions/' we  have  already  sufficiently  shewn  that  it  required 
a  person  to  be  intimately  acquainted  with  the  nature  of 
«team,  before  he  could  even  guess  at  the  Marquises  project. 
^11  that  could  be  gathered  from  his  68th  article  was, 
that  water  could  somehow  be  raised  by  steam,  by  a  certain 
undescribed  arrangement  of  cocks,  pipes,  fire,  and  water. 
Bat  we  have,  in  Savery 's  Engine,  a  detail  of  the  most  per- 
feet  mechanism  ;  besides  which,  it  should  be  borne  in  mind 
that  the  Marquis  states  his  engine  doe<4  not  operate  by 
sucking  up  the  voater^  whilst  it  is  the  essential  requisite  of 
hiavery's  apparatus. 

We  quitted  Dr.  Papin  to  detail  the  important  results  of 
Captain  Savery's  experiments,  which  were  published  in  the 
interim  between  the  commencement  and  conclusion  of  those 
of  the  ingenious  Doctor,  who,  in  1698,  we  find  still  perse- 
vering in  his  project  for  raising  water  by  steam,  under  the 
patronage  of  the  Elector  of  Hesse.  In  1705  he  received 
from  the  celebrated  philosopher,  Leibnitz,  (who  had  seen 
some  of  them  in  operation,)  a  drawing  and  description  of 
Savery's  engine.  It  is  to  be  regretted  that  Papin  ever  re- 
ceived this  communication,  as  it  has  been  shewn  that  he  had 
actually  projected  a  plan,  which,  if  carried  into  operation, 
would  have  constituted  the  Atmospheric  Engine,  invented 
by  Newcomen.  But,  unfortunately,  the  success  of  Captain 
Savery  diverted  his  mind  from  the  superior  project  of  form- 
ing a  vacuum  under  a  piston,  and  by  the  command  of  his 
patron,  the  elector,  he  set  about  to  improve  Savery's  ma- 
chine, which  is  universally  allowed  to  be  inferior  in  effect 
to  the  other.  The  talent  of  Papin,  directed  to  the  Atmos- 
pheric Engine,  must  have  produced  most  important  results, 
which,  however,  have  been  lost  by  the  success  of  Captain 
Savery's  machine. 
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Tbc  consftquetlce  of  this  course  of  experiment  was  the 
publication  ora^'Neiv  Method  ofraising  Water  by  the  force 
of  Fire,"  dated  at  Cassel,  1707.  He  acknowledges  that 
Savery  had  hit  on  another  mode,  without  knowing  his  ex- 
periments.   The  following  ig  a  description  of  the  machine. 

A  boiler  a,  made  of  copper,  communicates  by  a  pipe  with 
a  cylinder,  t,  which  forms  the  body  of  the  pump.  Thia 
cylinder  h  attached  to  an  upright  pipe  o  q,  which  enters 
the  cylinder  r  r,  rbing  to  within  a  short  distance  of  its  top. 
This  latter  cylinder  is  air  tight,  and  has  a  pipe  w,  smaller 
in  its  bore  than  the  pipe  o  g.  The  pipe  between  the  boiler 
and  cylinder  has  a  stop  cock  ate.  ^is  the  safety  valve 
which  prevents  the  explosion  of  the  boiler,  by  yielding  to 
the  force  of  the  steam,  and  allowing  it  to  escape  when  it 
exceeds  a  certain  pressure,  which  is  regulated  by  shifting 
the  weight/on  the  lever.  Within  the  cylinder  is  a  piston 
■r  float,  n,  made  of  thin  plates  of  metal,  and  loaded  with 
Hie  weight  h,  fbrming  a  part  of  a  hollow  cylinder,  which 
Eoats  on  the  surface  of  the  water. 
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When  a  sufficient  quantity  of  steam  is  generated  in  the 
boiler  Oj  the  cock  is  opened  to  allow  it  to  flow  into  the  pump 
cylinder  t,  forcing  the  water,  which  is  beneath  it,  through 
the  pipe  o  g,  until  it  falls  at  the  upper  end  9,  into  the  receiver 
rr;  since  it  cannot  flow  away  through  the  pipe  w^  so  rapidly 
as  it  comes  in,  on  account  of  the  pipe  w  being  smaller,  it 
rises  and  compresses  the  air  into  the  upper  part  of  the  re- 
ceiver. As  it  escapes  through  ta,  it  issues  with  velocity  on 
the  water  wheel  s,  to  which  it  gives  motion  in  the  usual 
manner.  When  the  floater  n  has  reached  the  bottom  of 
that  cylinder,  the  cock  c  is  shut,  which  prevents  the  further 
admission  of  steam  from  the  boiler,  into  the  pump  cylinder, 
above  the  floater;  and  the  valve  g  is  lifted,  to  allow  the 
steam  above  the  floater  to  escape  into  the  atmosphere ;  a 
vacuum  speedily  forms  in  this  space,  which  is  as  speedily 
filled  up  by  water  from  the  mine,  through  the  clack  at  the 
bottom  of  t ;  the  clack  o  opening  upwards,  prevents  the 
column  of  water  in  0  g  from  descending,  whilst  the  com- 
pressed air  r  r,  keeps  a  constant  stream  on  the  wheel. 
When  the  floater  has  risen  to  its  proper  position,  the  steam 
18  again  admitted  on  the  surface  of  the  floater,  and  drives 
up  the  water  as  before* 

This  machine  Papin  published  as  the  invention  of  the 
Elector  of  Hesse,  but  it  is  quite  obvious  that  his  disposition 
to  flatter  his  patron,  rather  than  the  regard  to  truth,  caused 
him  to  make  this  statement.  We  have  already  expressed 
our  regret  that  Papin  did  not  persevere  in  his  idea  of  the 
Atmospheric  Engine,  As  it  is,  he  has  shewn  himself  to  be 
a  man  of  great  talent  and  originality. 

It  has  been  already  observed  that  the  beneficial  effects 
of  Savery's  invention  were  not  confined  to  the  reduction  of 
animal  exertion.  This,  though  a  grand,  was  not  the  prin- 
cipal result  which  arose  from  its  introduction ;  for  the 
great  danger,  or  more  probably  year,  of  explosion,  tended 
to  counteract  its  general  adoption.  We  say,  therefore, 
that  the  greatest  benefit  which  it  created  was  that  of 
fiimiliarising  all  mechanics  with  the  nature  of  steam ;  its 
elasticity  when  heated,  and  its  sucking  power  when  cooled ; 
and  when  Savery's  engine  was  found  inadequate  to  the 
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proposed  end,  ingenuity  was  on  tlie  alert  to  apply  these  in 
some  more  efficient  manner.  This  feeling  found  its  way  to 
the  ancient  town  of  Dartmouth,  in  Devonshire,  and  drew 
forth  the  attention  of  Thomas  Newcomen,  a  blacksmith. 
This  man,  though  possessed  of  little  scientific  knowledge, 
was  endowed  with  a  clear  head, and  great  inventive  powers. 
We  are  informed  that  he  had  seen  one  of  Savery's  engines, 
when  he  conceived  the  possibility  of  obtaining  power  in  a 
manner  similar  to  that  proposed  by  Papin  in  his  first  pro- 
ject, namely,  by  a  water-wheel  working  two  air  pumps. 
He  was  so  completely  convinced  of  the  feasibility  of  his 
plan,  that  be  applied  to  Dr.  Hooke  on  the  subject,  who,  it 
appears,  dissuaded  him  from  the  prosecution,  adding  this 
remarkable  suggestion,  ^^  If  you  could  make  a  speedy 
vacuum  in  your  second  cylinder,  your  work  is  done/' 

Newcomen,  we  are  informed,  was  for  some  time  en- 
grossed with  the  new  train  of  idead  to  which  this  hint  led 
him,  till  at  length  he  conceived  the  power  o( steam  would, 
in  every  respect,  answer  the  end;  and,  according  to 
Desaguliers,  he  communicated  his  project  to  his  friend  and 
associate,  John  Caw  ley,  a  glazier,  with  whom  he  made 
several  private  experiments  in  the  year  1710,  and  in  the 
latter  end  of  the  following  year  made  proposals  to  drain  a 
colliery  at  Griff,  in  Warwickshire,  which  had  previously 
been  drained  by  horses,  in  which  work  600  were  employed, 
at  the  expense  of  £900  a  year ;  but  the  application  not 
being  received  as  they  expected,  in  the  March  following 
they  bargained  to  draw  water  for  Mr.  Back,  of  Wolver- 
hampton, ^'  where,  after  a  great  many  laborious  attempts, 
they  succeeded  in  making  the  engine  work." 

To  such  of  our  readers  as  are  unaoiuainted  with  the 
principle  of  the  Newcomen  engine  in  its  simplest  form,  we 
recommend  the  following  experiment: — ^Into  the  perfora- 
tion of  a  small  glass  globe,  partly  filled  with  water,  intro- 
duce the  mouth  of  a  common  syringe.  Form  a  luting  round 
the  joining,  so  as  to  render  the  joint  good  and  tight. 
Apply  this  to  the  flame  of  a  lamp,  and,  as  soon  as  the  water 
boils,  the  steam  formed  thereby  will  force  up  the  rod  of  the 
«)'ringe  to  the  top :  immerse  the  whole  in  cold  water,  and 
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the  rod  will  as  speedily  descend.  Apply  ihe  lamp  af^aiii, 
and  the  rod  will  ag^uin  be  raised,  and  upon  plunging  it 
again  into  cold  water  it  will  descend  as  before ;  these  mo- 
tions may  be  repeated  ad  it^itum. 

Newcomen  and  Cawley  being  assured  of  success,  were 
about  applying  for  a  patent,  when  Savery  claimed  the 
invention  as  his,  on  the  ground  that  the  method  of  procu- 
ring a  vacuum  by  steam  was  his  discovery :  they  were, 
therefore,  obliged  to  allow  his  name  to  be  associated  in  the 
^rant  which  they  obtained  in  1705. 

We  present  our  readers  with  a  novel  drawing  of  New- 
comen's  engine ;  we  are  not  aware  that  such  a  machine  was 
ever  in  operation,  but  as  it  represents  some  of  the  parts  in 
a  singular  form,  and  shows  clearly  the  mode  of  operation, 
we  shall  offer  no  apology  for  using  it  in  our  explanation. 
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a  represents  the  boiler^  of  which  6  is  the  safety  valve^ 
being  a  weight  placed  on  a  qlack,  which  yields  to  steam 
above  a  certain  pressure,  and  prevents  explosion,  c  is  the 
cylinder,  open  at  the  top,  having  three  holes  at  the  bot- 
torn,  d  ef.  The  hole  e  admits  the  steam  from  the  boiler ; 
the  hole  d  admits  a  jet  of  cold  water  from  the  reservoir 
gy  in  order  to  expedite  the  condensation  of  the  steam, 
/is  a  pipe  for  the  exit  of  the  condensed  steam,  and  to  get 
water  from  the  cylinder,  h  is  the  piston  or  plunger,  whose 
diameter  exactly  fills  the  area  of  the  cylinder.  It  is 
packed  or  stuffed  on  its  edge,  so  as  to  preserve  the  vacuum 
as  perfect  as  possible :  t  is  the  beam,  or  (as  it  is  called  in 
some  of  the  coal  districts)  the  loggerhead^  for  the  purpose 
of  communicating  the  motion  of  the  piston  to  the  pumps 
in  the  mine. 

A  sufficient  quantity  of  steam  is  first  formed  in  the 
boiler,  when  the  boy  pushes  the  handle  or  lever  which  he 
holds  down  to  j,  which,  by  the  wheels  and  band,  opens  the 
cock  it,  and  allows  the  steam  to  enter  the  cylinder.  The 
steam  being  only  sufficient  to  equal  the  pressure  of  the 
atmosphere,  will  not  of  itself  lift  the  piston  and  logger- 
head ;  it  is  therefore  necessary  that  some  means  should  be 
adopted  to  aid  it  in  its  ascent.  This  is  done  by  means  of 
the  weight  or  counterpoise  /,  so  that  by  the  force  of  the 
steam  and  gravity  of  the  counterpoise,  the  piston  is  eleva* 
ted  to  the  top  of  the  cylinder,  and  forces  down  the  pump 
rod  m  into  the  pump  in  the  mine.  When  this  is  effected^ 
the  boy  returns  the  handle  to  its  original  position  (shewn 
in  the  drawing)  which  prevents  the  admission  of  more 
steam  from  the  boiler^  and  at  the  same  time  opens  the  cock 
It,  so  as  to  admit  a  small  quantity  of  cold  water  from  the 
reservoir  g  into  the  cylinder;  this,  by  dispersing  itself 
among  the  steam  in  the  cylinder,  almost  instantly  con- 
denses it,  so  that  a  vacuum  is  obtained,  and  the  pressure 
of  the  atmosphere  meeting  with  no  resistance,  presses 
down  the  piston,  and  thereby  raises  the  pump  bucket  in 
the  mine.  The  handle  is  again  depressed  to  j,  which 
allows  fresh  steam  to  enter  the  cylinder,  and  elevate  the 
piston  as  before.     To  prevent  the  accumulation  of  water 
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in  the  cylinder,  the  pipe  o  is  of  such  lengthy  that  the 
weight  of  a  column  of  water  within  it,  exceeds  that  of  a 
column  of  the  atmosphere,  so  that  the  water  runs  off  by 
its  own  gravity. 

The  force  of  this  engine,  therefore,  consists  entirely  of 
the  pressure  of  the  atmosphere,  differing  essentially  from 
Papin  and  Savery,  both  of  whom  used  the  force  of  steam 
as  well  as  a  vacuum.  By  this  method^  the  danger  of 
bursting  the  boiler  was  nearly  obviated,  as  the  pressure  of 
one  or  two  pounds  on  the  inch  oa  the  boiler  was  sufficient 
to  work  the  engine.  The  potrer  must  be  regulated  by  the 
area  of  the  piston,  because  as  the  pressure  of  the  air  sel- 
dom  exceeds  14|  lbs.  on  an  inch  in  a  given  area,  we  can 
never  obtain  more  than  a  given  power :  thus,  supposing 
the  area  to  be  100  inches,  and  the  pressure  of  the  atmo- 
sphere 14  lbs.  per  inch,  the  pomp  piston  would  at  each 
stroke  lift  1400  lbs.  of  water  at  each  stroke  of  the  engine, 
a  height  equal  to  the  length  of  the  cylinder.  This,  how- 
ever^ is  far  ahove  the  real  performance :  as  friction  and 
imperfect  comtensation  sekkMn  leave  more  than  one  third 
of  the  power. 

In  the  it%t  engine,  of  Newcoimien,  the  steam  was  not 
oondensed  by  an  injection,  but  merely  by  surrounding  the 
cylinder  with  cold  water.  Condensation  by  a  jet,  is  said 
to  have  been  discovered  from  an  accidental  hole  in  the 
cylinder,  aUof^ingtbe  water  which  surrounded  it  to  get 
into  the  insidet^  .aitd  thus  the  speed  of  the  engine  was 
doubled.  Wksn  the  cause  of  this  was  ascertained,  the 
injection  cock  was  added^  as  a  mMter  of  course.  We 
shonM  also  siale^  thai  the  machine  was  by  no  means  so 
simple  as  oar  drawing  represnts }  a  number  of  catches 
and  springs  being  neo^ssary  to  obtain  the  changes  of  the 
eochs;  the  uncertainly  arising  from  the  employment  of 
boys  was  likewise  a  matter  ^  much  vexation  and  incon>- 
venicnee.  This  evil,  however^  produced  its  own  remedy ; 
for  a  boy,  named  Humphrey  PcHler,  being  inclined  to 
seoffj  or  skulk,  attached  the  lever  which  worked  the  valve 
to  the  beam  by  means  of  a  cord  and  weight,  by  which 
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addition  the  engine  itself  produced  the  necessary  motion 
This  he  called  a  ^^  scogger.*^ 

With  this  addition,  Newcomen's  engine  approached 
very  nearly  to  a  self-acting  one ;  but  still  the  turning  of 
cocks  and  filling  of  reservoirs  was  obliged  to  be  in  part 
left  to  careless  men,  and  as  the  precision  of  the  work 
depended  upon  these,  frequent  derangement  was  the  con- 
sequence; until  Mr.  Henry  Beighton,  of  Newcastle* upon* 
Tyne,  who  was  a  mathematician,  and  conducted  the 
Ladies'  Diary,  from  1714  to  1744,  constructed  what  he 
called  the  hand-gear,  whereby  motion  was  given  to  all  the 
cocks  and  levers,  by  a  rod  from  the  beam.  This  engine 
was  erected  in  1718,  and  besides  the  improvement  men- 
tioned, it  was  the  first  engine  in  which  a  sted^ycard  safety 
valve  was  used. 

But  to  the  celebrated  Mr.  Smeaton,  more  than  any 
other  person  except  the  inventor,  were  the  public  in- 
debted for  the  perfection  to  which  the  Atmospheric 
Engine  was  brought.  His  experience  in  the  construction 
of  almost  every  kind  of  machinery  aided  him  considerably 
in  his  various  modifications  of  this.  In  constructing  an 
engine  for  the  New  River  Company,  in  1767,^  he  con 
sidered  that  the  stoppage  of  the  water  at  every  stroke,  ah 
well  as  putting  the  lever  beam,  piston,  heavy  rods,  and 
chains,  from  a  state  of  rest  into  motion,  twice  at  every 
stroke,  was  a  great  loss  of  power ;  he  therefore  deter- 
mined to  work  the  engine  slower,  and  with  large  pumps, 
and  put  upon  the  piston  all  the  load  it  would  bear*  To 
reduce  the  velocity  of  the  column  of  water  still  more,  he 
would  place  the  fulcrum  of  the  beam  out  of  the  centre, 
and  make  the  stroke  of  the  pbton  nine  feet,  whilst  the 
pump  which  lifted  thirty-six  feet  should  work  only  a  six 
feet  stroke.  This  arrangement  obliged  him  to  employ  a 
long  narrow  cylinder,  of  only  eighteen  inches  diameter, 
and  from  this  he  also  expected  to  obtain  other  advantages, 
VIST,  that  every  part  of  the  steam,  being  nearer  the  surface 
of  the  cylinder,  would  be  more  readily  condensed ;  and, 
in  consequence,  that  a  less  quantity  of  injection  water 
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would  serve  the  cylinder,  which  would  itadlf  M  more 
heated. 

Under  all  these  appearances  of  advantage,  he  ventured 
to  burden  the  piston  with  a  pressure  of  10.4  lbs.  per  inch. 
Thus,  area  of  piston  (eighteen  inches  diameter)  254 ; 
iveight  of  the  column  of  water,  thirty-six  feet  in  the 
pumps,  eighteen  inches  diameter,  3960  lbs. ;  of  which  take 
six-ninths  for  the  difference  of  the  length  of  stroke,  and 
it  gives  %40  lbs.  for  the  weight  to  be  lifted  by  the  piston ; 
and  divide  3640  by  254,  the  area  of  the  piston,  gives 
10.4  lbs.  pressure  per  inch. 

^^  Having  once  seen  a  common  engine  struggle  under  its 
burthen,'*  says  this  ingenious  engineer,  ^'I  thought  myself 
quite  secure  under  those   advantages ;   but   how  great 
was  my  surprise  and  mortification,  to  find  that,  instead  of 
requiring  less  injection  water  than  common,  although  the 
injection  pump  was  calculated  to  afford  as  much  injection 
water  as  usual,  in  proportion  to  the  area  of  the  cylinder, 
with  a  sufficient  overplus  to  answer  all  imaginable  wants, 
it  was  unable  to  support  the  engine  with  injection,  and 
that  two  men  were  obliged  to  assist  to  raise  the  injection 
water  quicker,  by  hand,  to  keep  the  engine  in  motion  ;  at 
the  same  time,  that  the  cylinder  was  so  cold,  I  could  keep 
my  hand  upon  any  part  of  it,  and  bear  it  for  a  length  ef 
time  in  the  hot-well.     By  good  fortune,  the  engine  per- 
formed the  work  it  was  appointed  to  do,  as  to  the  raising 
of  water,  but  the  coals  by  no  means  answered  my  calcula- 
tion.   The  injection  pump  being  enlarged,  the  engine  was 
in  a  state  of  doing  business,  and  I  tried  many  smaller  ex- 
periments, but  without  any  good  effect,  till  I  altered  the 
fulcrum  of  the  beam  so  much,  as  reduced  the  load  upon 
the  piston  from  10}  lbs.  to8i  lbs.  per  inch.     Under  this 
load,  though  it  shortened  the  stroke  at  the  pump  end,  the 
engine  went  so  much  quicker  as  not  only  to  raise  more 
water,  but  consume  less  coals ;  took  less  injection  water  , 
the  cylinder  became  hot,  and  the  injection  water  came  out 
at  ISO"  of  Fahrenheit ;  and  the  engine,  in  every  respect, 
not  only  did  its  work  better,  but  went  more  pleasantly. 
This  at  once  convinced  me  that  a  considerable  degree  of 
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condensation  of  the  steam  took  place  m  entering  the 
cylinder,  and  that  I  had  lost  more  by  this  way,  by  the  cold- 
ness of  the  cylinder,  than  I  had  gained  by  the  increase  of 
load.  In  short,  this  single  alteration  seemed  to  have  un- 
fettered the  engine ;  but  in  what  degree  this  condensation 
took  place,  under  different  circumstances  of  heat,  and 
where  to  strike  the  medium,  so  as  upon  the  whole  to  do 
best,  was  still  unknown  to  me.  But  resolving,  if  possible, 
to  make  myself  master  of  the  subject,  I  immediately  began 
to  biiild  a  small  fire-engine  at  home,  that  I  could  easily 
convert  into  different  shapes  for  experiments,  and  which 
engine  was  set  to  work  in  the  winter  of  1769." 

With  ihm  engine  he  tried  variaus  experiments,  which 
he  carefully  recorded.  He  afterwards  constructed  several 
engines,  which  fully  proved  the  correctness  of  his  calcula- 
tions. The  first  of  these  was  at  the  colliery  at  Liong 
Benton,  near  Newcastle-upon-Tyne,  in  1774,  which  had 
a  fifty-two  inch  cylinder. 

The  Atmospheric  Engine  represented  in  the  Frontis- 
piece to  this  Volume,  contains  most  of  the  improvements 
of  Mr.  Smeaton.  The  boiler  is  omitted,  and  C  represents 
the  steam  pipe,  through  which  the  steam  passes  from  the 
boiler  into  the  receiver. 

D,  the  receiver,  a  close  iron  vessel,  or  box,  in  which 
is  the  regulator  or  steam  cock,  which  opens  and  shuts 
the  hole  of  communication  with  the  cylinder  at  each 
stroke. 

E  is  the  communication  pipe,  between  the  receiver  and 
the  cylinder ;  it  rises  five  or  six  inches  up  in  the  inside  of 
the  cylinder  above  the  bottom,  to  prevent  the  injection 
water  from  descending  into  the  receiver. 

F,  the  cylinder  of  cast  iron,  about  ten  feet  long,  bored 
smooth  in  the  inside ;  it  has  a  broad  flancb  in  the  middle, 
on  the  outside,  by  which  it  is  supported,  when  hung  be- 
tween the  cylinder  beams,  which  extend  across  the  house, 
and  are  let  into  the  side-wall. 

6,  the  piston,  made  to  fit  the  cylinder  exactly,  but  with 
liberty  to  slide  up  and  down ;  it  has  a  flanch  rising  four 
or  five  inches  upon  its  upper  surface,  between  which  and 


THB   i^TMOtPHBBlG    BNGIRB*  39 

tlie  side  of  the  cylinder  a  quantity  of  junk  or  oakum  is 
stuffed,  and  kept  down  by  weights,  to  prevent  the  entrance 
of  air  or  water,  and  the  escape  of  steam. 

H,  the  chain  and  piston-shank,  by  which  it  is  connected 
to  the  working  beam  by  an  arc  of  a  circle* 

I,  I,  the  working  beam,  or  lever,  working  on  its  centre^ 
in  the  manner  of  a  scale  beam ;  it  is  made  of  two  or  more 
large  logs  of  timber,  bent  together  at  each  end)  and  kept 
at  the  distance  of  eight  or  nine  inches  from  each  other  in 
the  middle  by  the  gudgeon  or  centre,  as  represented  in 
the  plate.  The  arch  heads  1, 1,  at  the  ends  of  the  beam, 
are  for  giving  a  perpendicular  direction  to  the  chains  of 
the  piston  and  pump-rods^  which  are  suspended  at  the 
opposite  ends. 

iiy  the  jack-head  pump,  which  is  a  smaller  sucking 
pump,  wrought  by  a  small  lever  or  working  beam,  by 
means  of  a  chain  connected  to  the  great  beam  or  lever 
near  the  arch  ^,  at  the  inner  end ;  and  the  rod  of  the  pump 
N  is  suspended  by  a  chain  at  the  outer  end.  This  pump 
commonly  stands  near  the  corner  or  front  of  the  house, 
and  raises  a  column  of  water  up  to  the  cistern  O,  into 
which  it  is  conducted  by  a  trough. 

O,  the  jack-head  cistern,  for  supplying  the  injection ;  it 
is  always  kept  full  by  the  pump  N,  and  is  fixed  so  high 
above  the  cylinder  bottom,  as  to  give  the  jet  of  injection  a 
sufficient  velocity  into  the  cylinder,  when  the  cock  is 
opened.  This  cistern  has  a  waste-pipe  on  the  opposite 
side  for  conveying  away  the  superfluous  water. 

P,  P,  the  injection  pipe,  of  two  or  three  inches  diameter, 
which  descends  from  the  cistern  0,'to  the  injection  cockr, 
afler  paasing  which,  it  turns  up  in  a  curve  at  the  lower  end, 
and  enters  the  cylinder  bottom.  It  has  a  thin  plate  of  iron 
screwed  upon  the  end  df,  which  is  wilbin  the  cylinder,  with 
three  or  four  ajutage  holes  in  it,  .to  cause  the  jet  of  cold 
water  from  the  jack«head  cistern  to  fly  up  in  as  many 
streams  against  the  under  surface  of  the  piston,  and  con* 
dense  the  steam  contained  in  the  cylinder  each  stroke, 
when  the  injection  cock  is  open, 
e,  a  valve  upon  the  upper  end  of  the  injection  pipe, 
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which  is  shut,  to  prevent  waste  of  water  by  leakage  when* 
the  engine  stands  still ;  but  before  the  engine  is  set  to 
work,  this  valve  must  be  lifted  up,  and  kept  open  by  a 
string. 

f^  a  small  pipe  which  branches  off  from  the  injection 
pipe,  and  has  a  cock  to  supply  the  piston  with  a  little 
water  to  keep  it  air  tight. 

Q,  the  working  plug,  suspended  by  a  chain  to  the 
small  arch  g^  of  the  working  beam.  It  is  usually  a  heavy 
piece  of  timber  with  a  slit  vertically  down  its  middle,  and  ' 
holes  bored  horizontally  through  it  to  receive  pins,  for 
the  purpose  of  opening  and  shutting  the  injection  and 
steam  cocks,  as  it  ascends  and  descends  by  the  motion  of 
the  working  beam. 

A,  the  handle  of  the  steam  cock,  or  regulator.  It 
is  fixed  to  the  regulator  by  a  spindle,  which  comes 
through  the  top  of  the  receiver.  'The  regulator  itself 
is  a  sectorial  plate  of  brass,  shaped  like  a  fan,  which 
is  moved  horizontally  by  the  handle  A,  and  opens  or  shuts 
the  communication  at  the  lower  end  of  the  pipe  E,  within 
the  receiver. 

t,  t,  the  spanner,  which  is  a  long  rod  or  bar  of  iron,  for 
communicating  motion  to  the  handle  of  the  regulator,  to 
which  it  is  fixed  by  means  of  a  slit  in  the  latter,  and  some 
pins  put  through  to  fasten  it. 

A,  /,  the  vibrating  lever,  called  the  tumbling-bob,  or  the 
Y,  having  the  weight  k  at  one  end,  and  the  two  forked  legs 
at  the  other  end,  like  the  letter  j^  turned.  It  is  fixed  to  an 
horizontal  axis,  moveable  about  its  centre  pinsorpivotsmn, 
and  is  put  in  motion  by  means  of  two  shanks,  o,/?,  fixed  to 
the  same  axis,  which  are  alternately  raised  and  depressed 
by  means  of  two  pins  in  the  working  plug,  and  the  bob  or 
weight  at  the  top  of  the  Y  is  thrown  backwards  and  for- 
wards ;  one  pin  on  the  outside,  depressing  the  shank  o, 
throws  the  loaded  end  k  of  the  Y  from  the  cylinder  into 
the  position  represented  in  the  drawing,  and  causes  the 
leg,  /,  of  the  fork  of  the  Y  to  strike  against  the  end  of  the 
spanner,  which  forcing  back  the  handle  of  the  regulator^ 
or  steam  cock,  opens  the  communication^  and  permits  the 
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ateam  to  fly  into  the  cylinder*  The  piston  immediately 
rises  by  the  weight  of  the  pump  rod,  on  the  admission  of 
the  steam*  The  motion  of  the  working  beam,  I,  I,  also 
raises  the  working  plug;  and  another  pin,  which  goes 
through  the  slit,  raises  the  shank  p  of  the  axis,  which 
throws  the  end,  A,  of  the  Y  towards  the  cylinder,  and  the 
leg  of  the  fork,  striking  the  end  of  the  spanner,  forces  it 
forwards,  and  ?huts  the  regulator  or  steam  cock. 

9,  r,  is  the  lever  for  opening  and  shutting  the  injection 
cock,  called  the  F.  It  has  a  rack  or  toothed  sector  fixed 
upon  its  axis,  which  takes  the  teeth  of  a  pinion,  fixed  on  the 
top  of  the  plug,  or  key  of  the  injection  cock*  When  the 
working  plug  has  ascended  nearly  to  its  greatest  height, 
and  shut  the  regulator,  as  above  described,  a  pin  catches 
the  end  q  of  the-  F,  and  raises  it  up,  which  opens  the 
injection  cock,  and  admits  a  jet  of  cold  water  to  fly  into 
the  cylinder,  and,  condensing  the  steam,  makes  a  vacuum 
within.  Then  the  pressure  of  the  atmosphere,  forcing 
down  the  piston  into  the  cylinder,  causes  the  plug  frame 
to  descend,  and  another  pin  fixed  in  it  catches  the  end  of 
the  lever  9,  in  its  descent,  and  by  pressing  it  down  shuts 
the  injection  cock,  at  the  same  time  the  regulator  is 
opened  to  admit  steam,  and  so  on  alternately  ;  that  when 
the  regulator  is  shut,  the  injection  cock  shall  be  open,  and 
when  the  former  is  open,  the  latter  shall  be  shut. 

R,  the  eduction  pipe,  to  convey  away  the  water  which  is 
injected  into  the  cylinder  at  each  stroke;  its  upper  end  is 
even  with  the  cylinder  bottom,  and  its  lower  end  has  a  lid  or 
cover,  moveable  on  a  hinge,  which  serves  as  a  valve  to  let 
out  the  injection  water,  and  shuts  close  each  stroke  of  the 
engine,  to  prevent  the  water  being  forced  up  again,  when 
the  vacuum  is  made. 

S,  the  hot  well,  which  is  a  small  cistern  made  of 
planks,  to  receive  all  the  waste  water  from  the  cylinder, 
and  keep  it  in  reserve  for  feeding  the  boiler,  to  supply 
the  waste  occasioned  by  the  continual  evaporation  of  the 

steam.  ' 

T,  the  feeding  pipe,  to  supply  the  boiler  with  water 
from,  the  hot  well*    It  has  a  cock  to  let  in  a  large  or  small 
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quantity  of  water,  as  occasion  requires,  to  make  up  for  what 
is  evaporated  ;  it  goes  nearly  down  to  the  boiler  bottom, 
9o  that  the  lower  end  is  always  immersed  in  water. 

s,  the  snifting  valve,  by  which,  at  every  ascent  of  the 
piston,  the  air  is  discharged  from  the  cylinder  which  was 
admitted  with  the  injection,  and  would  otherwise  obstruct 
(he  due  operation  of  the  engine. 

t,  ty  the  cylinder  beams,  which  are  strong  girdles  going 
through  the  house,  for  supporting  or  rather  keeping  down 
the  cylinder. 

V,  the  cylinder  cup  of  lead  surrounding  the  top  of  the 
cylinder,  to  prevent  the  water  upon  the  piston  from  flash- 
ing over,  when  it  rises  too  high. 

W,  the  waste  pipe,  which  conducts  the  superfluous  water 
from  the  top  of  the  cylinder  to  the  hot  well. 

Xj  iron  bars,  called  the  catch  pins,  fixed  horizontally 
through  each  arch  head,  to  strike  the  floor,  and  prevent 
the  beam  descending  too  low,  in  case  the  chains  at  either 
end  should  break,  or  if  the  engine  make  too  long  a  stroke* 

y^  y^  two  strong  wooden  springs  to  weaken  the  blow 
given  by  the  catch  pins  when  the  stroke  is  too  long. 

z,  z,  two  friction  wheels,  or  sectors,  on  which  the  gud- 
geons, or  centres  of  the  great  beam,  are  supported ; 
they  are  the  third  or  fourth  part  of  a  circle,  and  move  a 
little  each  way,  as  the  beam  vibrates.  Their  use  is  to 
diminish  the  friction  of  the  axis,  which  being  necessarily 
very  large  for  so  heavy  a  lever,  would  otherwise  be  very 
great. 

When  this  engine  is  to  be  set  to  work,  the  boiler  must 
be  filled  about  two  or  three  feet  deep  with  water,  and  a 
large  fire  made  under  it ;  and  when  the  steam  is  heated  to 
be  of  sufficient  strength  to  exert  a  pressure  of  about  one 
pound  beneath  each  square  inch  of  the  safety  valve,  it  will 
lift  up  the  valve  and  escape.  The  water  in  the  boiler 
being  supposed  to  be  in  a  strong  state  of  ebullition,  and 
the  steam  issuing  by  the  safety  valve,  we  will  consider  the 
machine  in  a  state  of  rest,  having  both  the  steam  cock  and 
injection  cock  shut.  The  resting  position  or  attitude  of 
the  machine  is  such  as  appears  in  the  drawing,  the  pump 
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rods,  K,  preponderating  by  their  weight,  and  the  great 
piston  being  drawn  to  the  top  of  the  cylinder. 

The  man  that  attends  the  engine  depresses  the  handle/?, 
so  as  to  throw  the  tumbling  bob  into  the  position  of  the 
figure ;  and  the  leg  of  the  fork  thrusting  back  the  span- 
ner t,  t,  opens  the  regulator,  or  steam  cock,  when  the 
steam  from  the  boiler  immediately  rushes  in,  and  flying 
all  over  the  cylinder,  will  mix  with  the  air;  milch  will  be 
condensed  by  the  coM  surface  of  tlie.  cylinder  and  piston, 
and  the  water  produced  from  it  will  trickle  down  the 
^des,  and  run  off  at  the  eduction  pipe  R,  as  soon  as  any 
quantity  is  accumulated.  This  condensation  and  waste  of 
steam  will  continue,  till  the  whole  cylinder  and  piston  are 
made  as  hot  as  boiling  water. 

When  this  happens,  the  steam  will  begin  to  open  the 
sBifting  Tal?e  «,  and  issue  through  the  pipe;  at  first, 
slowly  and  very  cloudy,  being  mixed  with  much  air,  the 
cloudy  appearance  of  steam  being  always  owing  to  its 
mixture  with  common  air*  The  blast  at  s  will  grow 
stronger  by  degrees,  and  more  transparent,  having  already 
carried  off  the  greatest  part  of  the  common  air  which 
filled  the  cylinder.  We  supposed,  at  first,  that  the  water 
was  boiling  briskly,  so  that  the  steam  was  issuing  by  the 
safety  valve,  which  is  in  the  top  of  the  boiler.  The 
opening  of  the  ateam  cock  puts  an  end  to  this  at  once, 
•ecause  the  cold  cylinder  draws  off  the  steam  from  the 
•oiler  with  astonishing  rapidity,  until  it  becomes  heated 
so  as  not  to  condense. 

When  the  manager  of  the  engine  perceives  that  no^ 
only  the  blast  at  the  snifting  valve  is  strong  and  steady, 
but  that  the  boiler  is  fuHy  supplied  with  steam  of  a  proper 
strength,  which  appears  by  the  renewal  of  the  discharge 
at  the  safety-valve,  the  engine  is  ready  for  starting.  He 
now  lifts  up  the  handle  o,  or  p,  till  the  tumbling  bob,  Y, 
falls  over  the  perpendicular  towards  the  cylinder,  and  its 
leg  striking  the  cross-pin  of  the  spanner  t,  draws  it  for- 
wards, and  shuts  the  steam  regulator ;  At  the  same  instant 
he  lifts  up  the  haadle,  q^  of  the  F,  which  opens  the  injee* 
lion  cock.  The  pressure  of  the  column  of  water  in  the 
2.  F 
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injection  pipe,  P,  immediately  forces  some  wjater  through 
the  spout  dy  by  the  jets* 

The  cold  water  coming  in  contact  with  some  of  the  pure 
vapour,  which  now  fills  the  cylinder,  condenses  it,  and 
thus  makes  a  partial  void,  into  which  the  more  distant 
steam  immediately  expands ;  and  by  this  very  expansion 
its  capacity  for  heat  is  increased ;  or,  in  other  words,  as  it 
grows  cold,  it  abstracts  the  heat  more  powerfully  from 
the  steam  situated  immediately  beyond  it. 

In  this  expansion  and  refrigeration,  the  steam  is  itself 
|artly  condensed  or  converted  into  water,  and  leaves  a 
void,  into  which  the  circumjacent  steam  immediately  ex- 
pands, and  produces  the  same  effect  on  the  steam  beyond 
it ;  and  thus  it  happens,  that  the  abstraction  of  a  small 
quantity  of  heat  from  an  inconsiderable  mass  of  steam, 
produces  a  condensation  throughout  a  cylinder  which  is 
very  extensive. 

What  remains  in  the  cylinder  no  longer  balances  the 
atmospheric  pressure  on  the  surface  of  the  water  in  the 
injection  cistern,  and  therefore  the  water  spouts  rapidly 
through  the  holes  d,  by  the  joint  action  of  the  column  P, 
and  the  unbalanced  pressure  of  the  atmosphere;  at  the 
same  time  the  snifting  valve  «,  and  the  eduction  valve  R, 
are  shut  by  the  external  pressure  of  the  atmosphere,  and 
prevent  the  entrance  of  air  or  water  into  the  cylinder. 

The  velocity  of  the  injection  water  must  therefore  ra* 
pidly  increase,  and  the  jets  dash  against  the  bottom  of  the 
piston,  and  be  scattered  through  the  whole  capacity  of  the 
cylinder.  In  a  very  short  space  of  time  therefrom,  the 
condensation  of  the  steam  becomes  universal,  and  the  elas- 
ticity of  what  remains  is  very  small.  The  whole  pressure 
of  the  atmosphere,  therefore,  being  exerted  on  the  upper 
surface  of  the  piston,  while  there  is  hardly  any  on  its 
under  side,  if  the  load  on  the  outer  end  of  the  working 
beam  is  inferior  to  this  pressure,  it  must  yield  to  it.  The 
piston  G  must  descend,  and  the  pump  piston,  it,  must 
ascend,  bringing  along  with  it  the  water  of  the  mine ;  but 
the  motion  does  not  begin  at  the  instant  the  injection  is 
made»    The  piston  was  kept  at  the  top  by  the  preponde* 
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ra&cy  of  the  outer  end  of  the  working  beam,  and  the  load 
of  water  in  the  pumps ;  and  it  must  remain  there,  till  the 
diflference  between  the  elasticity  of  the  steam  below  it, 
and  the  pressure  of  the  atmosphere,  exceed  this  prepcMide* 
rancy.  There  must,  therefore,  be  a  small  space  of  time 
between  the  beginning  of  the  condensation  and  the  be- 
ginning of  the  motion  ;  this  is  very  small,  not  exceeding 
the  third  or  fourth  part  of  a  second,  but  it  may  be  very 
distinctly  observed  by  an  attentive  spectator,  who  may 
perceive  that,  the  instant  the  injection  cock  is  opened,  if 
the  cylinder  has  the  slightest  yielding  in  its  suspension,  it 
will  heave  upwards  a  little  by  the  pressure  of  the  air  on 
the  bottom.  Its  own  weight  is  not  at  all  equal  to  this 
pressure ;  and,  instead  of  its  being  necessary  to  support  it 
'  by  a  strong  floor,  it  must  be  kept  down  by  large  beams, 
loaded  at  the  end  with  heavy  walls.  This  heaving  of  the 
cylinder  shows  the  instantaneous  commencement  of  the 
condensation ;  and  it  is  not  till  after  this  has  passed,  that 
the  piston  is  seen  to  start,  and  begins  to  descend. 

The  motion  must  continue  till  the  great  piston  reaches 
the  bottom  of  the  cylinder,  because  it  is  not  like  the  mo- 
tion which  would  take  place  in  a  cylinder  of  air  rarefied 
to  the  same  degree.  In  this  latter  case,  the  impelling 
force  would  be  continually  diminished,  because  the  capa- 
city of  the  cylinder  diminishing  by  the  descent  of  the  pis- 
ton, the  air  in  it  would  continually  become  more  dense 
and  elastic,  until  the  piston  would  stop  at  a  certain  height, 
when  the  elasticity  of  the  included  air,  together  with  the 
load  at  K,  would  balance  the  atmospherical  pressure  on 
the  piston.  But  when  the  contents  of  the  cylinder  are 
pure  vapour,  and  the  continued  stream  of  injected  cold 
water  keeps  down  its  temperature  to  the  same  pitch  as  at' 
the  beginning,  the  elasticity  of  the  remaining-  steam  can 
never  increase  by  the  descent  of  the  piston,  nor  exceed 
what  corresponds  to  the  temperature  according  to  our 
table.  The  impelling,  or  accelerating  force,  therefore, 
remains  the  same^  and  the  descent  of  the  piston  will  be 
accelerated  almost  uniformly,  unless  there  is  an  increase 
or  resistance,  arising  from  the  nature  of  the  work  per- 
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formed  by  the  other  end  of  the  beam.  And  it  may  be  fire* 
quently  observed  in  a  good  steam  engine,  where  eyery 
part  is  air-tight,  that  if  the  cylinder  has  been  completely 
purged  of  common  air  before  the  steam  cock  is  shut,  and 
if  none  has  entered  since,  the  piston  will  descend  to  the 
very  bottom  of  the  cylinder.  It  sometimes  happens,  by 
the  great  pump  drawing  air,  or  some  part  of  the  comma* 
nication  chains  giving  way,  that  the  piston  descends  with 
such  violence  as  to  beat  out  the  bottom  of  the  cylinder 
with  the  blowy  and  it  is  to  prevent  this  accident  that  the 
catchpins  are  applied  at  the  end  of  the  beam. 

When  the  manager  sees  the  piston  as  low  as  he  thinks 
proper,  he  shuts  the  injection  cock,  by  depressing  the 
lever  g,  and  at  the  same  time  he  opens  the  regulator,  by 
forcing  down  the  handle  o,  which  oversets  the  tumbling 
bob,  and  its  leg  catching  the  cross  pin  of  the  spanner  ij 
opens  the  regulator. 

The  steam  has  been  accumulating  above  the  water  in 
the  boiler,  during  the  whole  time  of  the  piston^s  desjcent. 
The  moment,  therefore,  that  the  steam  cock  is  opened,  the 
steam,  having  an  elasticity  of  rather  more  than  one  pound 
per  square  inch  greater  than  that  of  the  air,  rushes  into 
the  cylinder,  when  it  immediately  blows  open  the  snifting 
•  valve,  and  assists  the  water  which  had  come  in  by  the  for- 
mer injection,  and  what  arose  from  the  condensed  steam, 
to  descend  by  its  own  weight  through  the  eduction  pipe  S, 
and  open  the  valve  to  run  into  the  hot  well  R. 

This  water  is  nearly  boiling  hot,  or  at  least  its  surface ; 
for  while  lying  in  the  bottom  of  the  cylinder,  it  will  con- 
dense steam  till  it  acquires  this  temperature,  and  there- 
fore cannot  run  down  till  it  will  condense  no  ipore.  There 
is  a  cause  of  some  waste  of  steam  at  its  first  admission,  in 
order  to  heat  the  inside  of  the  cylinder,  and  the  injected 
water,  to  the  boiling  temperature ;  but  the  space  being 
small,  and  the  whole  being  already  very  warm,  it  is  soon 
done;  and  when  things  are  properly  constructed,  little 
more  is  wanted  than  what  will  warm  the  cylinder;  for  the 
eduction  pipe  is  made  of  large  dimensions,  and  receives 
some  of  the  injection  water  even  during  the  descent  of  the 
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pistOD,  aad  thk  portioD  will  be  removed  out  of  the  way  of 
tka  steam. 

The  first  effect  of  the  enteriog  steam  is  of  great  service ; 
it  drives  oat  of  the  cylinder  the  vapour  which  it  finds 
there.  This  is  seldom  pure  steam,  or  watery  vapour, 
because  all  water  contains  a  quantity  of  air,  in  a  state  of 
chemical  anion ;  but  the  union  is  only  feeble,  and  a 
boiling  heat  is  sufficient  for  disengaging  the  greatest  part 
of  it,  by  increasing  its  elasticity.  It-  may  be  also  disen- 
gaged by  simply  removing  the  external  pressure  of  the 
atmosphere ;  this  is  clearly  seen,  when  we  expose  a  glass 
of  water  in  an  exhausted  receiver.  Therefore  the  small 
space  below  the  piston  contains  watery  vapour,  mixed 
with  all  the  air  which  had  been  disengaged  from  the  water 
in  the  boiler  by  ebullition,  and  all  that  was  separated 
firoffl  the  injection  water  by  the  diminution  of  external 
pressure,  in  addition  to  any  which  may  enter  by  leakage. 

Liet  us  now  consider  the  state  of  the  piston,  when  setting 
out  on  its  return^  as  it  is  evident  that  it  will  start,  or  begin 
to  rise  by  the  counterweight,  the  moment  the  steam  cock 
is  opened ;  for  at  that  instant  the  excess  of  atmospherical 
pressure  by  which  it  was  kept  down,  in  opposition  to  the 
preponderancy  of  the  outer  end  of  the  beam,  is  diminished* 
At  the  first  instant  of  the  return  of  the  pump  rods,  they 
draw  up  the  piston  with  great  violence,  all  the  weight  of 
the  water  in  the  pumps  acting  in  addition  to  the  counter* 
weight ;  but  the  falling  of  the  lower  valves  in  the  pumps, 
after  an  inch  or  two  of  motion,  arrests  the  farther  descent 
of  the  water,  and  bears  the  weight  of  the  column  of  water, 
and  after  this  the  piston  will  rise  gradually  by  the  action 
of  the  counterweight. 

The  action  of  the  counterweight  is  vei^  different  in  the 
two  motions  of  the  engine;  for  while  the  engine  is  making 
a  working  stroke,  it  is  lifting  not  onlv  the  column  of  water 
in  the  pump,  but  the  absolute  weight  of  the  bucket  rods 
also ;  and  while  the  pump  rods  are  descending,  there  is  a 
diminution  of  the  counterweight  by  the  whole  weight  lost 
by  the  immersion  of  the  rod  in  water.  The  wooden  rods 
are  generally  used,  by  being  soaked  in  water  and 
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joined  by  iron  straps,  are  heavier,  and  but  a  little  heavier 
than  water ;  they  are  generally  about  one-third  of  the 
bulk  of  the  water  in  the  pumps.  By  this  counterweight 
the  piston  is  drawn  upwards,  and  it  would  even  rise, 
although  the  steam  which  is  admitted  was  not  quite  so 
elastic  as  common  air. 

Suppose  the  mercury  in  the  barometer  to  stand  at  30 
inches,  and  that  the  preponderancy  at  the  outer  end  of  the 
beam  was  equal  to  i^th  of  the  pressure  of  the  air  on 
the  piston,  the  piston  would  not  rise  until  the  elasticity  of 
the  steam  was  equal  to  30 — },  that  is,  26i  inches  nearly ; 
but  if  the  steam  was  just  equal  to  this  quantity,  the  piston 
would  rise  as  fast  as  the  steam  of  that  density  could  be 
supplied  to  the  cylinder  through  the  steam  pipe ;  and  on 
this  supposition  the  velocity  of  the  ascent  would  depend 
on  the  velocity  of  that  supply.  But  this  is  not  the  case 
in  practice,  because  the  steam  must  be  stronger  than  the 
air,  in  order  to  blow  out  and  discharge  the  air;  it  will 
therefore  enter  the  cylinder  without  any  effort  of  the 
piston  to  draw  or  suck  it  in.  At  the  same  time  the  coun* 
terweight  must  not  be  so  great  as  to  draw  up  the  piston 
with  that  force  which  will  cause  a  suction  within  the 
cylinder  greater  than  the  steam  pipe  can  supply,  or  it 
would  diminish  the  pressure  of  the  steam  within  the  cy* 
linder  lower  than  the  atmosphere,  and  prevent  it  from 
snifting  or  blowing  out  the  air. 

In  filling  the  cylinder  with  steam,  it  will  require  a 
much  more  copious  supply  of  steam  than  merely  to  fill  up 
the  space  left  by  the  ascent  of  the  piston ;  for  as  the 
descent  of  the  piston  was  only  in  consequence  of  the 
vacuum  occasioned  by  the  interior  of  the  cylinder  being 
sufficiently  cooled  to  condense  the  steam,  this  cooled  sur« 
face  must  be  again  presented  to  the  steam  during  the  rise 
of  the  piston,  and  must  condense  steam  a  second  time. 
The  piston  cannot  rise  another  inch,  till  that  part  of  the 
cylinder  which  the  piston  has  already  quitted  has  been 
warmed  up  to  the  boiling  point,  and  much  must  be  ex- 
pended in  this  warming;  for  the  inner  surface  of  the 
cylinder  must  not  only  be  raised  to  the  heat  of  boiling 
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water  while  the  piston  rises,  but  must  also  be  made  per- 
fectly dry,  and  the  film  of  water  left  on  it  by  the  ascending 
piston  must  be  completely  evaporated,  otherwise  it  will 
continue  to  condense  steam. 

On  this  account,  although  the  counterweight  is  not 
necessary  to  suck  in  the  steam,  the  moving  force  during 
the  ascent  of  the  piston  must  be  considered  as  resulting 
chiefly,  if  not  solely,  from  the  preponderating  weight  of 
the  great  pump  rods ;  and  this  force  is  expended  partly  in 
returning  the  steam  piston  to  the  top  of  the  cylinder, 
where  it  would  be  again  pressed  down  by  the  air,  and  make 
another  working  stroke.  This  latter  requires  force  inde- 
pendent of  the  friction  inertia  of  the  moving  parts,  for 
each  bucket  must  be  pushed  down  through  the  water  in 
the  barrel,  which  must  lift  up  and  rise  through  the  valves 
in  the  bucket  with  a  velocity  proportioned  to  the  velocity 
of  the  bucket,  in  the  same  degree  as  the  area  of  the  pump 
barrel  is  proportioned  to  the  opening  of  the  valves  through 
which  the  water  must  pass. 

From  this  general  consideration  of  the  ascent  of  the 
piston^  we  may  see  that  the  motion  diifers  greatly  from 
the  descent;  it  can  hardly  be  supposed  to  accelerate  it, 
even  if  the  steam  were  supplied  to  the  cylinder  in  ever 
such  quantity ;  for  the  resistance  to  the  descent  of  the 
pump  bucket  is  the  same  with  the  weight  of  the  column  of 
water,  which  could  cause  water  to  flow  through  the  valves 
of  the  buckets  with  the  velocity  with  which  it  really  rises 
through  them ;  and  this  resistance  must  therefore  increase 
as  the  square  of  that  velocity  increases ;  that  is,  as  the 
square  of  the  velocity  with  which  the  bucket  descends* 
Independent  of  the  force  of  friction  and  the  weight  of  the 
valves,  the  velocity  of  descent  through  the  water  must 
soon  become  a  maximum,  and  the  motion  will  become 
uniform.  Accordingly,  any  one,  who  observes  with  atten* 
tion  the  working  of  a  steam  engine,  will  see  that  the  rise 
of  the  piston  and  descent  of  the  pump  rods  are  extremely 
uniform,  whereas  the  working  stroke  is  very  sensibly 
accelerated. 

These  two  motions  complete  the  period  of  the  operation, 
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and  the  whole  may  be  repeated  by  shutting  the  regulator^ 
and  opening  the  injection  cock,  whenever  the  piston  haa 
attained  the  proper  height.  For  the  first  two  or  three 
strokes,  the  opening  and  shutting  of  the  cocks  are  per* 
formed  by  the  attendant;  but  when  he  has  thus  ascer- 
tained that  all  parts  are  in  order,  he  puts  the  pins  into  the 
holes  of  the  plug  frame,  and  the  motion  of  the  engine  will 
then  actuate  its  own  machinery,  and  perform  its  recipro- 
cations with  greater  regularity  than  can  be  done  by  hand. 


In  the  year  1720,  Leupold,  the  author  of  '^  Theairum 
MachinarunC*  constructed  tht  first  high-pressure  engine. 
Previous  to  this,  the  only  use  to  which  steam  had  been 
effectively  applied  was  in  the  formation  of  a  vacuum  :  true 
it  is,  that  in  the  projects  of  De  Cans,  Branca,  and  Savery 
the  elastic  force  of  steam  was  proposed  to  be  used ;  but 
the  failure  of  these  plans,  by  waste  of  steam  and  othei 
causes,  warrant  our  saying  that  the  plan  of  Leupold  enti« 
ties  him  to  the  great  merit  of  having  invented  and  con^ 
structed  the  first  high^pressure  engine.  His  principle  was 
simply  that  of  applying  highly  elastic  steam  alternately 
upon  two  pistons  in  separate  cylinders,  so  that  as  one 
ascended  the  other  descended,  and  vice  versa. 

In  the  annexed  figure  (nearly  resembling  that  given  by 
Leupold)  the  boiler,  it,  communicates,  by  a  ^four'WOj^ 
cockj^^  with  the  bottom  of  two  open  topped  cylinders, 
having  pistfons,  c,  d,  moving  in  them.  These  pistons  a#cf 
fitted  with  lead,  so  that  they  may  act  as  a  counterpouse  to 
the  pump  buckets  op.  They  are  likewise  attached  to  the 
beams  9  A,  by  means  of  the  rods  ef.  To  the  other  ends  of 
the  beams  are  fixed  the  pump  rods  k  /,  which  work  two 
force  pumps  op.  qisoi  perpendicular  pipe,  bended  round 
at  the  top,  so  as  to  convey  the  water  dfriven  up  the  pipe 
into  the  cistern  or  spout  t.  i  i  are  the  centres  of  the  two 
beams  g  h.  x  is  a  cock  so  constructed  as  to  alternately 
admit  the  steam  into  either  cylinder. 
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In  the  situation  of  the  machine  shewn  in  the  figure,  the 
steam  in  the  boiler  flows  through  the  open  passage  into 
the  cylinder  r,  and  presses  the  piston  c  upwards:  this  de- 
presses the  pump  rod  k^  and  forces  the  water  under  the 
plunger,  up  the  pipe  q.  When  the  steam  has  raised  the 
piston  c  to  nearly  the  top  of  the  cylinder,  the  cock  x  is 
turned  one  fourth  of  a  revolution,  so  that  it  opens  a  pas- 
sage between  the  cylinder  5,  and  the  boiler ;  and  between 
the  cylinder  r,  and  the  open  air.  The  weight  of  the  rod/, 
and  the  lead  in  the  piston  c,  being  greater  than  it  and  o, 
the  piston  descends  by  its  gravity  to  the  bottom  of  the 
cylinder,  driving  out  the  steam  which  raised  it  into  the 
atmosphere.  From  the  construction  of  the  ^^four^way 
coekj*^  at  the  moment  in  which  the  passage  into  the  cylin- 
der r  was  closed,  another  passage  was  opened  between  the 
boiler  and  cylinder  s;  the  elasticity  of  the  steam  forces  the 
piston  d  upwards,  and  depresses  the  plunger  at  the  end  of 
the  rod  ^  and  impels  the  water,  in  the  barrel  p  under  it, 
up  the  pipe  q.  When  the  piston  d  has  reached  the  top  of 
the  cylinder,  or  made  its  stroke,  the  farther  passage  of 
steam  from  the  boiler  is  shut  off,  by  turning  the  cock  x; 
and  the  steam  escapes  into  the  atmosphere  through  z ;  and 
d  descends  in  the  cylinder  by  its  preponderance  in  the 
same  manner  as  c.  During  the  ascent  of  cf,  c  has  fallen  to 
the  bottom  of  the  cylinder  r.  The  steam  passage  from 
the  boiler  being  then  opened,  c  is  again  raised  in  its  cylin- 
der, while  the  vapour  in  s  is  escaping  into  the  atmosphere ; 
thus  producing  an  alternate  vertical  motion  in  the  pump 
jrodnkl. 


T.EUPOI.n  S  ENGINE. 


(Leupold'a  Gn^ine.    1720.) 

Sueh  was  the  construction  of  the  first  high-presKure  ca- 
f^ne,  which  for  simplicity  has  never  been  exceeded.  The 
extended  use  of  such  engines  at  the  present  day,  proves 
that  the  public  opinion  is  materially  changed  in  regard  to 
their  utility  and  safety.  The  risk  of  explosion  was  a 
drawback  upon  them,  which  successive  improvements  and 
skilful  management  have  almost  annihilated ;  and  we  have 
no  doubt  but  that,  eventually,  the  low-pressure  or  con- 
densing engine  will  be  entirely  abandoned  in  their  fa- 
vour. Their  superior  economy,  by  reduced  consumption 
of  fuel,  and   reduced   fViction,  is   sufficient    ground   for 
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their  general  adoption.  We  should  observe,  however, 
that  there  is  still  a  mass  of  prejudice  to  contend  with,  ere 
this  can  possibly  take  place;  and  whilst  America  has 
scarcely  a  low-pressure  engine  to  work  a  steam  boat,  it 
would  be  a  haasardous  speculation  to  attempt  the  intro- 
doction  of  a  high-pressure  one  in  England  for  that 
purpose. 

But,  from  the  importance  which  the  latter  does,  and 
will  maintain,  in  the  mechanical  world,  it  will  not  be 
amiss  to  shew  the  advantages  which  it  possesses ;  and  we 
will  first  speak  of  that  obtained  by  a  saving  of  fuel. 

Water  does  not  boil  under  a  temperature  of  212*  of 
Fahrenheit,  at  which  temperature  its  force,  when  confined, 
is  barely  equal  to  that  of  the  atmosphere.  But  let  the 
temperature  be  increased  only  38"  more,  (which  can  be 
effected  with  a  comparatively  small  addition  of  fuel,)  and 
its  force  will  be  28  lbs.  on  the  square  inch.  In  like  man- 
ner let  the  temperature  be  increased  to  280°,  and  the  force 
will  be  equal  to  56  lbs.  Thus,  the  increased  force  far 
exceeds  the  increased  consumption  of  fuel,  and,  con- 
sequently, the  greater  the  pressure  of  the  steam,  the 
greater  will  be  the  saving.  Recent  experiments  have 
proved  that  steam,  when  heated  to  1170",  will  act  with  a 
force  of  56,000  lbs.  on  the  square  inch ;  so  that  we  find 
250*  gives  a  force  of  only  28  lbs.  whilst  rather  more  thau 
four  times  that  temperature,  or  1170%  gives  2000  times  the 
force ;  a  fact  sufficiently  establishing  the  superior  economy 
of  high-pressure  steam. 

It  should  be  observed,  however,  that  we  by  no  means 
believe  that  such  pressure  can  be  used  with  safety ;  but  we 
merely  state  the  fact  to  establish  the  position  that  high- 
pressure  engines  are  more  economical  than  low-pressure 

ones. 

The  saving  of  power,  by  reduced  friction,  is  also  ano- 
ther material  advantage  in  the  former,  because  it  is  evident 
that  if  a  force  of  50  lbs.  be  obtained  per  square  inch,  for  10 
or  IS  in  the  condensing  plan,  the  area  of  the  piston  will 
be  smaller  in  the  same  proportion  aa  the  force  is  increased, 
IB  order  to  produce  a  given  effect ;  therefore,  the  edges  of 
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the  piston  bein|r  reduced  also,  there  will  be  less  rubbing 
surface  than  in  the  other. 

Hitherto,  steam  had  been  only  employed  in  raising 
water,  nor  had  any  plan  been  devised  by  which  it  could 
be  adapted  to  imparting  motion  to  machinery;  Savery^ 
indeed,  says  his  machine  might  be  applied  ^^  to  mills  of 
various  kinds  and  forms,  according  to  the  different  genius 
and  abilities  of  the  millwright;'*  and  that  ^^it  may  be 
brought  to  work  by  a  steady  stream,''  (on  a  wheel),  ^^  and 
produce  a  rotatory  or  circular  motion ;"  and  |iints,  that  it 
might  be  made  very  useful  in  ships,  but  he  dare  not  med-  * 
die  with  that  matter;  and  leaves  it  to  ^^  (he  judgment  of 
those  who  are  the  best  judges  of  mart^taM  affairs;"  but 
since  Sayery's  machine  itself  failed,  of  course  the  projects 
perished  with  it.    After  the  important  improvements  of 
Newcomen,   it  will   appear  evident  that  any   effectual 
method  must  be  very  different  from  this ;  and,  accordingly, 
we  find  a  patent  taken  out  in  1736,  by  Mr.  Jonathan  Hulls, 
of  London,  ^^For  a  new-invented  machine  for  carrying 
vessels  or  ships  out  or  into  any  harbour,  port,  or  river, 
against  wind  or  tide,  or  in  a  calm."    This  new  method 
was  the  application  of  the  crank,  which  now,  it  is  well 
known,  enables  us  to  employ  the  steam  engine  as  a  prime 
mover  in  almost  every  species  of  machinery. 

Unfortunately,  the  public  mind  was  not  sufficiently  ma* 
tured  to  interest  itself  in  the  project;  and,  in  consequence. 
Hulls  and  his  patent  were  so  completely  forgotten,  that 
the  invention  has  been  subsequently  claimed  by  Mr.  Watt. 
We  should  here  observe,  however,  that  whilst  we  give 
due  praise  to  Hulls  for  the  greatness  of  hb  project,  we 
feel  satisfied  that  Newcomen^s  engine  was  not  at  all 
adapted  to  the  proposed  combination ;  as  the  great  differ- 
ence in  power  between  the  ascending  and  descending 
stroke  of  the  piston  would  have  required  a  ponderous  fly 
wheel  to  have  any  thing  like  equality  of  motion,  and  a  fly 
wheel  would  be  an  inconvenient  accompaniment  to  a  steam 
boat.  The  idea,  however,  was  great,  and  the  ingenious 
inventor  deserved  better  success  than  he  obtained. 
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"We  should  not  omit  in  this  ~ 

pUee  to  notice  Blakey'a  patent, 
n  1766,  fbr  improvements  on 
Sarery's  method  of  raising  wa- 
ter. To  avoid  condensation,  he 
proposed  to  introduce  oil  on  the 
sur&ce  of  the  water,  because 
oil  did  not  so  readily  absorb  the 
caloric;  but  his  principal  im- 
provement consisted  in  the  boil- 
er, which  was  formed  of  small 
tubes,  completely  filled  with 
water.  The  proposed  improve- 
ments drew  forth  the  attention 
of  almost  all  the  scientific  men 
of  his  day,  many  of  whom  de- 
clared it  possible  to  conduct  the 
inSnence  of  steam  to  the  centre 
of  the  earth.  "Bul,"aaysHorn- 
blower,  "  an  accident  termina- 
ted the  event  as  to  the  experi- 
mental  engme,   by  one  of  the 

Bteam  vessels  bursting  through        (StaitfiPtUutBaihr.) 
the  force  of  steam,  though  much 

under  the  degree  of  power  proposed  by  the  Cornish  gen- 
tlemen. Such,"  continues  Homblower,  "  is  the  degene- 
racy of  man,  that  whilst  the  States  General  of  Holland 
were  pluming  Blakey  with  the  gaudiest  expressions  of 
approbation,  nol  one  instance  is  to  be  found,  in  which  he 
met  with  that  support  he  had  been  led  to  expect." 

a  represents  the  furnace  in  which  the  tubes,  bed,  are 
placed,  which  are  connected  by  small  pipes;  /is  a  funnel 
for  supplying  the  generator  with  water.  This  was  the  an- 
cient mode  of  supplying  alt  boilers,  but  it  is  needless  to 
observe,  that  since  the  addition  of  the  force  pump,  the 
former  has  beeu  unnecessary,  e  is  a  cock,  for  the  purpose 
of  cleaning  the  boiler,  by  running  water  through  the 
whole.  The  pipe  which  connects  the  generator  with  the 
engine  is  nol  shown. 
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Mr.  Keane  Fitzgerald,  a  gentleman  of  great  scientific 
acquirements,  and  whoee  ingenious  diacoveries  stand  re- 
corded in  the  Philosophical  Transactions,  describes,  in  the 
year  1758,  an  invention,  by  which  he  proposed  to  obtain  a 
rotatory  motion  from  a  rectilineal  one,  in  another  way 
than  by  the  crank,  the  application  of  which  was  unknown 
to  him.  No  drawing  has  ever  been  given,  and  we  there- 
fore give  the  accompanying  sketch,  which  we  gather  from 
the  words  of  the  inventor :  they  are  as  follow — 

"  A  rotatory  motion  may  be  obtained  from  a  rectilineal 
one,  by  employing  a  combination  of  large  toothed  wheels, 
and  of  smaller  ratcbet  wheels,  worked  by  teeth  upon  the 
arch  or  sector  of  the  beam,  one  of  these  ratchet  wheels 
being  put  in  motion  by  the  ascent  of  the  beam,  and  stand- 
ing still  during  the  descent,  when  another  ratchet  wheel 
is  moved  by  an  intervening  wheel  in  the  same  direction  as 
the  first;  and  thus  the  two  communicate  a  continuous 
rotatory  motion  to  the  axis  upon  which  they  are  placed, 
which  is  thence  transmitted  by  a  large  toothed  wheel  to  a 
smaller  wheel  or  pinion,  on  the  shaft  of  which  is  a  fiy  to 
accumulate  momeatumy  and  crank  proposed  to  be  applied 
to  work  ventilators,  and  to  many  other  useful  purposes. 
The  fly,  by  accumulating  in  itselfthe  power  of  the  machine 
during  the  time  it  was  acted  upon,  would  continue  in 
motion,  and  urge  forward  the  machinery,  whilst  the  steam 
engine  was  going  through  its  inactive  returning  stroke." 

Let  a,  then,  represent  the  cy- 
linder on  the  principle  of  New- 
comen;  b  c,  two  racks,  of  which 
c  is  the  piston  rod;  these  racks  < 
are  toothed  on  two  angles,  two  \ 
for  the  purpose  of  being  moved 
by,  and  giving  motion  to  the 
connecting  pinion  d,  and  the  re- 
maining two  for  the  purpose  of 
working  the  sectors,  cf;  these 

sectors   have   palls   or  catches  (FHtgtralf$MotioH.  1758.J 
fixed  on  each  of  them,  which  are 
situated  so  as  to  full  into  the  teeth  of  the  ratchet-^,  g  h. 
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We  will  now  suppose  the  piston  rod  or  rack,  c,  to  be 
aacending:  then  the  catch  on  the  arm  of  the  sector  will 
turn  round  the  ratchet,  and  the  axle  upon  which  it  is 
fixed,  a  portion  of  a  revolution.  This  motion  will  be  con- 
tinued until  the  piston  has  reached  the  top,  when  the  pall 
of  the  sector,  /,  falls  into  the  next  tooth  of  the  ratchet. 
The  motion  of  the  piston  is  now  reversed;  but  by  the 
intervention  of  the  pinion  d,  the  rack  b  begins  to  ascend? 
and  repeats  the  same  operation  upon  the  ratchet  g^  as  the 
other  sector  did  upon  h :  thus,  the  two  sectors  alternately 
act  upon  the  ratchets,  and  keep  the  axle  in  a  continuous 
rotatory  motion;  this  motion  is  communicated  to  another 
axle  by  the  wheels  ij :  on  the  latter  axis  a  fly  is  fixed, 
which  preserves  the  motion  equable  and  regular. 

There  is  much  ingenuity  in  this  invention,  although  we 
are  satisfied  it  would  never  answer  the  proposed  end. 
The  principal  objection  would  be  that  of  the  piston 
striking  violently  the  top  and  bottom  of  the  cylinder; 
because,  as  the  motion  of  the  fly  is  obtained  from  the 
direct  action  of  the  piston  rod,  any  decrease  of  speed  in 
that  must  likewise  decrease  the  speed  of  the  fly-wheel,  and 
therefore  produce  an  irregular  motion.  Not  so  the  com- 
mon crank,  which  naturally  retards  the  motion  of  the  pis- 
ton, as  it  approaches  the  top  and  bottom  of  the  cylinder, 
whilst  itself  revolves  at  the  same  speed  throughout. 

We  now  come  to  the  most  important  era  in  our  history : 
that  in  which  Mr.  James  Watt  commenced  his  invaluable 
exertions  in  the  improvement  of  the  Steam  Engine.  It 
belongs  not  to  our  plan  to  give  biographical  sketches  of  the 
inventors  who  come  under  our  notice ;  but  as  the  beginning 
and  progress  of  Watt's  career  form  some  of  the  principal 
events  of  his  life,  our  History  must  here  assume  somewhat 
of  this  character. 

James  Watt  was  born  in  Greenock,  in  the  year  1736. 
He  was,  at  the  age  of  sixteen,  apprenticed  to  a  mathema- 
tical instrument  maker.  This  business,  it  appears,  differed 
materially  from  what  we  now  understand  by  the  term,  as  it 
consisted  of  land-surveyir^,  making  and  repairing  clocks, 
almost  every  kind  of  musical  instruments,  fishing-tackle, 
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and  cutlery.  In  the  year  1757,  he  was  appointed  mathe- 
roaticar instrument  maker  to  the  University  of  Glasgow, 
and  apartments  were  assigned  to  him  in  the  College,  in 
which  he  lived  and  transacted  his  business. 

It  appears  that  at  this  period,  the  College  of  Glasgow 
possessed  apparatus  and  funds  by  which  they  were  enabled 
to  contribute  largely  to  the  general  diffusion  of  useful 
knowledge  among  that  class  of  individuals  to  whom  it  was 
peculiarly  beneficial.  This  was  one  among  the  many 
advantages  which  arose  from  the  establishment ;  but  the 
greatest  was  that  of  exciting  the  attention,  and  drawing 
forth  the  energies  of  young  Watt.  We  shall  give  the 
particulars  of  the  commencement  of  his  career  in  his  own 
words,  being  satisfied  that  we  cannot  exceed  them  either 
in  simplicity  or  effect. 

^^My  attention,''  says  he,  ^^  was  first  directed,  in  1759, 
to  the  subject  of  steam  engines,  by  Dr.  Robison,  then  a 
student  in  the  University  of  Glasgow,  and  nearly  of  my 
own  age.  Robison  at  that  time  threw  out  the  idea  of 
applying  the  power  of  the  steam  engine  to  the  moving  of 
wheel  carriages,  and  to  other  purposes ;  but  the  scheme 
was  not  matured,  and  was  soon  abandoned  on  his  -going 
abroad. 

^  In  1761,  or  1762,  I  made  some  experiments  on  the 
force  of  steam  in  a  Papin's  digester,  and  formed  a  species 
of  steam  engine,  by  fixing  upon  it  a  syringe  one  third  of 
an  inch  in  diameter,  with  a  solid  piston,  and  furnished 
also  with  a  cock  to  admit  the  steam  from  the  digester,  or 
shut  it  off  at  pleasure,  as  well  as  to  open  a  communication 
from  the  inside  of  the  syringe  to  the  open  air,  by  which 
the  steam  contained  in  the  syringe  might  escape.  When 
the  communication  between  the  cylinder  and  digester  was 
opened,  the  steam  entered  the  syringe,  and,  by  its  action 
upon  the  piston,  raised  a  consideiable  weight  (fifteen 
pounds)  with  which  it  was  loaded.  When  this  was  raised 
as  high  as  was  thought  proper,  the  communication  with 
the  digester  was  shut,  and  that  with  the  atmosphere 
opened ;  the  steam  then  made  its  escape,  and  the  weight 
descended     The  operations  were  repeated,  and,  though 
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in  this  experiment  the  cock  was  tarned  by  hand,  it  waa 
eaay  to  see  how  it  could  be  done  by  the  machine  itself,  and 
make  it  work  with  perfect  regularity.  But  I  soon  re- 
linquished the  idea  of  constructing  an  engine  upon  this 
principle,  from  being  sensible  it  would  be  liable  to  some  of 
the  objections  against  Savery^s  engine ;  namely,  from  the 
danger  of  bursting  the  boiler,  and  the  difficulty  of  making, 
the  joints  tight ;  and  also  that  a  great  part  of  the  power  of 
the  steam  would  be  lost,  because  no  yacuum  was  formed 
to  assist  the  descent  of  the  piston.*'* 

The  attention  necessary  to  his  business  of  a  mathemati- 
cal instrument  maker,  prevented  him  from  prosecuting  the 
snbject  any  further  at  this  time.  But  in  the  year  of 
17KM,  having  occasion  to  repair  a  model  of  Newcomen's 
engine,  belonging  to  the  Natural  Philosophy  Class  of  the 
University,  his  mind  was  again  directed  to  the  subject. 
At  this  period  his  knowledge  was  derived  principally  from 
Desaguliers,  and  partly  from  Belidor.  He  set  about  re- 
pairing the  model  as  a  mere  mechanician^  and  when  that 
was  done  and  set  to  work,  he%as  surprised  that  its  boiler 
was  not  supplied  with  steam,  though  apparently  quite 
large  enough  (the  cylinder  of  the  model  being  two  inches 
in  diameter  and  six  inches  stroke,  and  the  boiler  about 
nine  inches  in  diameter) ;  by  blowing  the  fire  it  was  made 
to  take  a  few  strokes,  bi^t  required  an  enormous  quantity 
of  injection  water,  though  it  was  very  lightly  loaded  by 
the  column  of  water  in  the  pump.  It  soon  occurred 
to  him  that  this  was  caused  by  the  little  cylinder  exposing 
a  greater  surface  to  condense  the  steam  than  the  cylin- 
ders of  larger  engines  did,  in  proportion  to  their  re- 
spective contents;  and  it  was  found  that  by  shortening 
the  column  of  water,  the  boiler  could  supply  the  cylinder 
with  steam,  and  the  engine  would  work  regularly  with  a 
moderate  quantity  of  injection.    It  now  appeared  that  the 

^  The  reMooa  here  given  by  the  historian  will  appear,  io  modern 
nechaoics  ▼^ry  fiitile  and  insufficient.  It  is  not  a  matter  now  of  any 
^  difficuHy  to  make  the  joints  tight;"  and  high-pressure  steam,  it  is 
wen  knowa,  is  more  economical  than  that  with  which  Mr.  Watt 
worked  his  ergincs. 

3.  H 
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cylinders  being  of  brass  would  conduct  heat  much  better 
than  the  cast-iron  cylinders  of  larger  engines  (which  were 
generally  lined  with  a  strong  crust),  and  that  considerable 
advantage  could  be  gained,  by  making  the  cylinders  of 
some  substance  that  would  receive  and  give  out  heat  the 
slowest.*  A  small  cylinder,  of  six  inches  diameter  and 
twelve  inches  stroke,  was  constructed  of  wood,  previously 
soaked  in  linseed  oil,  and  baked  to  dryness.  Some  experi- 
ments were  made  with  ij ;  but  it  was  found  that  cylinders 
ofVood  were  not  at  all  likely  to  prove  durable,  and  that 
the  steam  which  was  condensed  in  filling  it,  still  exceeded 
the  proportion  of  that,  which  was  required  in  engines  of 
larger  dimensions.  It  was  also  ascertained,  that  unless 
the  temperature  of  the  cylinder  itself  were  reduced  as  low 
as  that  of  the  vacuum,  it  would  produce  vapour  of  a 
temperature  sufficient  to  resist  part  of  the  pressure  of  the 
atmosphere.  All  attempts,  therefore,  to  reduce  by  a  bet* 
ter  exhaustion,  by  throwing  in  a  greater  quantity  of  injec* 
tion  water,  was  a  waste  of  steam ;  for  the  larger  mass  of 
injected  water  cooled  the  ^linder  so  much,  as  to  require 
a  quantity  of  steam  to  heat  it  again,  out  of  proportion  to 
the  power  gained  by  having  made  a  more  perfect  vacuum; 
and  on  this  account  the  old  engineers  acted  wisely  in 
loading  the  engine  with  only  six  or  seven  pounds  weight 
on  each  square  inch  of  the  pistoq. 

It  appears  by  Dr.  Ure,  that  Watt  tried  some  experi- 
ments regarding  the  latent  heat  of  steam,  of  which  the 
Doctor  gives  the  following  account : — ^^  In  some  conver- 
satioiis  with  which  this  great  ornament  and  benefactor  of 
bis  country  honoured  me,  a  short  period  before  his  death, 
he  described,  with  delightful  fuuveti,  the  simple  but  deci- 
sive experiments  by  which  he  discovered  the  latent  heat  of 

*  The  iDventor  was  right  in  proposing  to  use  some  material  which 
would  receive  and  give  out  heat  the  slowest,  but  greatly  \n  error 
when  he  supposed  polish^  t^rface*  would  conduct  heat  quicker  than 
rough  ones.  It  has  been  repeatedly  proved,  that  rough  surfaces  are 
best  adapted  to  give  out  or  receive  heat,  the  unevenness  of  the  sur- 
faces acting  like  an  immense  number  of  conductors  to  and  from  thi 
metal. 
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steam.  His  means  and  leisure  not  then  permitting  an  ex- 
pensive and  complete  apparatus,  be  used  apothecaries* 
phials.  With  these,  he  ascertained  the  two  main  facts; 
first,  that  a  cubic  inch  of  water  would  form  about  a  cubic 
foot  of  ordinary  steam,  or  1728  inches ;  and  that  the  con- 
densation of  that  quantity  of  steam  would  heat  six  cubic 
inches  of  water,  from  the  atmospheric  pressure  to  the 
boiling  point.  Hence  he  saw  that  six  times  the  difference 
of  temperature,  or  fully  800^  of  Jieat,  had  been  employed 
in  giving  elasticity  to  steam,  and  which  must  be  all  sub- 
tracted before  a  complete  vacuum  could  be  obtained  under 
the  piston  of  a  steam  engine." 

The  great  experimentalist  deserves  as  much  praise  for 
these  experiments  as  for  any  thing  he  ever  effected.  Upon 
the  facts  developed  in.  this  inquiry,  he  constructed  the 
theory  which  will  carry  his  name  to  posterity.  Although  he 
modestly  ascribes  his  discovery  to  Dr.  Black's  explanation 
of  his  theory  of  kUeni  heat^  there  can  be  no  doubt  that 
these  experiments  were  more  decisive  and  useful  than  any 
theoretical  explanation  coul^possibly  be. 

He  found,  therefore,  that  his  first  business  was  to  keep 
the  cylinder  as  hot  as  possible,  and  that  to  obtain  a  tole- 
rable vacuum,  the  temperature  of  the  condensed  steam 
should  be  at  most  IW,  and  less  if  possible.  Various  were 
the  means  which  were  contemplated  to  effect  these  ends, 
when,  early  in  1765,  it  struck  him^  <<  thai  ifacwnmunica- 
tkm  were  opened  between  a  cylinder  coniaihing  steam^  and 
another  vessel  which  was  exhausted  of  air  and  other  fiuids, 
the  steam,  as  an  expansible  fiuid,  would  immediateiy  rush 
into  the  empty  vessel,  and  continue  to  do  so  until  it  had 
established  an  equilibrium;  and  if  thai  vessel  were  hept 
very  cool,  by  an  injection  or  otherwise,  more  steam  would 
continue  to  enter  until  the  whole  were  condensed.*' 

So  far  we  have  the  invention  complete;  but  still  the 
condensed  water  and  incondensible  steam  were  not  dis- 
posed of,  and  how  to  rid  the  condeQ3er  of  these  was  long 
a  matter  of  difficulty.  The  water,  indeed,  could  be 
allowed  to  run  off,  by  having  a  pipe  whose  length  would 
exceed  that  of  a  column  of  water  equivalent  to  the  pres- 
sure of  the  atmosphere,  but  the  air  was  not  removed.    At 
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last  it  occurred  to  him  that  a  pump  would  draw  off  both  air 
and  water,  and  preserve  a  perfect  vacuum  in  the  condenser* 

Thus  was  completed  one  of  the  greatest  inventions  ever 
known.  By  the  simple  operation  of  thought,  in  a  few 
days,  was  effected  that  which  had  hitherto  been  deemed  an 
impossibility — a  hot  cylinder  and  a  perfect  t;actf«m. 

We  should  act  unfairly  if  we  concealed  that  Mr.  Watt 
has  be^n  denied,  by  some  men  of  great  respectability,  the 
merit  of  discovering  the  separate  condenser.  Homblower 
says,  ^^  It  occurred  to  Mr.  Gainsborough,  the  pastor  of  a 
dissenting  congregation  at  Henley  on  Thames,  and  brother 
to  the  painter  of  that  name,  that  it  would  be  a  great  im- 
provement to  condense  the  steam  in  a  vessel  distinct  from 
the  cylinder  where  the  vacuum  was  formed ;  and  he  under- 
took a  set  of  experiments  to  apply  the  principle  he  had 
established,  which  he  did,  by  placing  a  small  vessel  by  the 
side  of  the  cylinder,  which  was  to  receive  just  so  much 
steam  from  the  boiler  as  would  discharge  the  air  and  con- 
densing water,  in  the  same  manner  as  was  the  practice  from 
the  cylinder  itself  in  the  Hewconienian  method,  that  is, 
by  the  shifting  valve  and  sinking  pipe.  In  this  manner  he 
used  no  more  steam  than  was  just  necessary  for  that  parti- 
eolar  purpose.  The  circumstances  as  here  related  receive 
some  confirmation  by  a  declaration  of  Mr.  Gainsborough, 
the  painter,  to  Mr.  J.  More,  late  secretary  to  the  Society 
of  Arts,  who  gave  the  writer  of  this  article  the  informa- 
tion. Whether  he  clothed  the  cylinder  as  Mr.  Watt  does, 
is  uncertain ;  but  his  model  succeeded  so  well,  as  to  induce 
some  of  the  Cornish  adventurers  to  send  their  engineers 
to  examine  it ;  and  their  report  was  so  favourable  as  to 
induce  an  intention  of  adopting  it.  This,  however,  was 
soon  after  Mr.  Watt  had  his  Act  of  Parliament  passed  for 
the  extension  of  his  term ;  and  he  had  at  the  same  time 
made  proposals  to  the  Cornish  gentlemen  to  send  his 
engine  into  that  county.  This  necessarily  brought  on  a 
competition,  in  which  Mr.  Watt  succeeded ;  but  it  was 
asserted  by  Mr.  Gainsborough,  that  the  mode  of  condens- 
ing out  of  the  cylinder  was  communicated  to  Mr.  Watt  by 
the  oificious  folly  of  an  acquaintance,  who  was  fully  in* 
formed  of  what  Mf.  Gainsborough  had  in  hand.' 
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At  this  date  it  is  impossible  to  decide  the  merits  of  their 
respective  claims.  It  does  not  appear  that  much  credence 
hiis  been  given  to  the  statement  of  Hornblower  by  recent 
writers,  but  we  certainly  consider  that  it  throws  consider- 
able doubt  upon  the  matter.  We  by  no  means  think  with 
Dr.  Brewster,  that  Hornblower's  ignorance  of  these  cir- 
cumstances, when  examined  before  the  House  of  Com- 
mons, precluded  the  possibility  of  his  knowing  them  after- 
wards. But  there  is  so  much  detraction  where  there  is 
merit,  that  we  sincerely  hope  this  solitary  t^timony  is 
dubious,  especially  when  we  consider  that  Mr.  Hornblower 
was  a  rival  of  Watt  during  the  whole  of  his  career. 

The  accompanying  drawing  represents  Wattes  engine, 
with  nearly  all  his  improvements,  and  exhibits  it  in  a  state 
of  perfection  to  which  it  was  only  brought  at  a  late  period 
of  his  life.  It  serves  our  purpose  better  to  explain  his 
successive  alterations  and  additions  in  this  way,  than  to 
give  separate  and  unconnected  diagrams,  which  would  but 
convey  to  our  readers  an  obscure  and  indefinite  idea  of 
their  arrangement.  We  shall  first  proceed  to  explain  the 
principle  of  this  machine,  and  afterwards  detail  the  dates 
of  the  improvements  as  they  were  added. 

Our  readers  must  suppose  the  cylinder,  a,  to  resemble 
that  of  Newcomen's  engine,  excepting  that  it  is  more 
accurately  bored,  so  that  it  may  be  perfectly  cylindrical 
throughout.*  It  is  fitted  with  a  lid  or  covering  at  top  and 
bottom,  instead  of  being  left  open  at  top  as  in  the  old 
engine.  In  the  centre  of  the  upper  covering  is  a  hole, 
through  which  the  piston  rod  passes;  on  this  lid  is  the 
stuflSng  box  c,  the  lower  part  of  which  consists  of  a  hoop 
- '   '■  — ■ — - — ■ —  '  ■  — — ~- 

•  This  required  a  degree  of  perfectioo  in  the  art  of  boring,  which 
had  not  been  attained  previously  to  the  time  of  Watt.  The  method 
hitherto  adopted  had  been  to  depend  upon  the  accuracy  of  the  casting 
for  the  guidance  of  the  cutter,  and  as  this  was  either  frequently  un- 
true, or  in  some  parts  softer  than  in  others,  the  boring  varied  from  the 
tmc  cylindrical  form,  when  either  of  these  mischances  arof  e.  The  im- 
proved  method  obviated  these  objections  by  fixing  the  cutter  block 
firmly  upon  a  cylindrical  bar,  and  causing  the  cylinder  to  revolve  after 
it  had  been  accurately  chucked,  and  the  cutter  block  was  propelled 
the  length  of  the  cylinder  by  a  screw  in  the  interior  of  the  bar. 
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or  cavity^  with  a  flanch  and  screw  holes.  The  interioi  of 
the  cavity  is  large  enough  to  admit  some  soft  yegetable 
snbstance  (hemp  or  cotton)  to  surround  the  piston,  rod, 
which  is  likewise  accurately  turned.  The  coTering,  or 
upper  pa»'t  of  the  stuffing  box^  is  less  than  the  interior  of 
the  cavity  in  which  the  stuffing  is  lodged ;  when,  there* 
fore,  the  screws  are  tightened,  the  upper  part  presses  the 
stuffing  closely  to  the  piston  rod,  and  prevents  the  escape  of 
steam,  d  is  the  beam  made  of  cast  iron ;  it  rests  upon  the 
centre,  e,  and  is  connected  at  the  farther  end  by  the  con« 
necting  rod,^  to  the  fly  wheel,  g^  the  axis  of  which  drives 
the  machinery.  The  mode  by  which  the  revolution  of  the 
fly  wheel  is  effected,  is  by  what  is  called  a  wm  and  planet 
motion,  and  may  be  thus  explained : — h  is  a  toothed  wheel, 
bolted  on  to  the  connecting  rod,  so  that  it  cannot  revolve 
upon  its  axis,  o  is  likewise  a  toothed  wheel,  fixed  to  the 
fly  wheel  axis,  so  that  they  cannot  revolve  but  in  conjunc* 
tion.  The  centres  of  the  two  wheels  are  connected  by  a 
bar,  so  that  the  centre  of  the  wheel  A  describes  a  circle,  of 
which  the  fly  wheel  axis  is  the  centre.  The  fly  wheel,  in 
thb  instance,  makes  a  revolution  at  each  stroke  of  the  pis« 
ton,  differing  essentially  from  the  common  crank,  which 
makes  but  one  revolution  for  two  strokes  of  the  piston* 
The  latter  may  be  compared  to  a  man  turning  an  axle  by 
a  handle,  whilst  the  former  is  like  the  same  axle  turned 
by  a  wheel,  fixed  upon  the  handle.  The  principle  will  be 
better  understood  by  reference  to  our  drawing. 

Liet  us  suppose  the  connecting  rod  to  be  descending.  At 
]^re8ent,  the  points  o  o  are  in  contact ;  but,  when  the  con- 
necting rod  has  descended  to  the  lowest  part  of  its  circle, 
the  points  q  q  will  be  in  contact ;  the  number  of  teeth 
between  o  and  q  corresponding  in  each  wheel ;  but  this 
cannot  take  place  until  the  wheel  h  be  directly  under  the 
wheel  on  the  fly  wheel  axis ;  and  as  the  piston  has  but  half 
a  stroke  to  make  before  the  wheel  h  will  be  under  the 
other  wheel,  the  latter  wheel  must  perform  a  semi-revolu- 
tion,  whilst  the  centre  h  has  only  described  one-fourth,  or, 
in  other  words,  for  each  half  stroke  of  the  piston  :  and  a 
whole  revolution  for  each  stroke  thereof.  The  advantages 
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of  which  are/  that  the  fly  wheel  makes  twice  the  ndmber 
of  revolutions  by  this  method,  than  it  would  by  the  com- 
mon crank,  so  that  a  lighter  fly  wheel  is  required ;  besides 
which,  it  is  extremely  convenient  where  a  rapid  motion  is 
necessary.  There  are,  however,  several  disadvantages 
attending  it,  among  which  may  be  enumerated  those  of  its 
being  less  simple,  more  expensive,  and  more  easily  de- 
ranged. 

hernia  the  parallel  motion ;  the  purpose  of  this  is,  to 
keep  the  piston  rod  perpendicular,  whilst  the  end  of  the 
beam  (to  which  it  is  attached)  describes  a  segment  of  a 
circle,  e/ represents  the  motion  of  the  piston  rod,  and 
bed  a  the  motion  of  the  end  of  the  beam,  the  centre  of 
which  is  at  g.  The  points  c  d  are  the  only  parts  where 
the  two  motions  coincide ;  and  it 
would  be  impracticable  to  con- 
nect a  piston  rod,  the  movement 
of  which  is  rectilineal,  with  the 
end  of  a  beam  whose  mo  vemen  t  is 
curvilineal,  except  by  a  rack  and 
sector.  This  was  tried,  and  found 
extremely  objectionable,  and 
finally  gave  way  to  the  parallel 
motion. 


The  following:  explanation  will  inform  our  readers  of 
the  principle  of  all  such  parallel  motions,  a  represents  a 
beam,  of  which  b  is  the  centre,  and  c  d  another  beam  of 


PARALLEL    MOTION.  5*? 

equal  length.  «/is  a  rod  joined  to  the  end  e  of  the  beam 
d,  and  the  end  of  the  beam  /  of  the  beam  a.  The  piston 
rod  g  is  attached  to  the  middle  of  the  piece  ef;  and  as  the 
beamB  are  of  equal  radii,  therefore  the  versed  sizes  are 
eqoal,  but  in  opposite  directions,  so  that  they  correct  each 
other;  for  when  the  end/ of  e/  is  at  any  given  distance 
from  the  perpendicular  line  g  hy  the  lower  point  e  of  ef  is 
drawn  the  same  distance  from  the  perpendicular  in  the 
contrary  direction;  and  thus  the  centre  of  the  piece  ej 
will  always  remain  in  the  parallel  line  g  h. 

Though  we  may  thus  illustrate  the  principle  of  the 
parallel  motion,  yet  this  method  is  seldom  or  never 
adopted,  as  it  requires  much  extra  room;  because  the 
beam  c  d  being  half  the  length  of  the  main  beam,  the 
engine  house  must,  to  admit  it,  be  nearly  one  half  longer 
than  is  required  for  the  beam  alone.  The  form  generally 
preferred  is  that  given  in  our  connected  drawing,  to  which 
we  will  refer.  The  piston  rod  is  attached  by  pivots  to  the 
end  of  the  rod  or  rods  r,  which  are  also  connected  by 
pivots  to  the  end  of  the  beam.  The  rods  g  m  are  of  equal 
length  with  those  attached  to  the  piston,  and  turn  upon 
similar  pivots  on  the  beam.  These  rods  are  connected  by 
the  bridle  it,  so  that  the  ends  of  m  and  r  describe  a  similar 
line  when  in  motion.  The  beam  or  rod  e  m  is  equal  in 
length  to  the  part  of  the  beam e  jjf,  so  that  egme  would 
separately  exhibit  the  same  appearance,  and  produce  the 
same  effect  as  would  the  apparatus  exhibited  in  our  last 
diagram:  that  is  to  say,  there  is  a  point  in  gm  which 
describes  a  rectilineal  motion.  We  have  already  shown, 
that,  by  the  rod  ib,  the  pieces  g  m  and  the  pieces  r  must  act 
in  conjunction ;  so  that  if  a  parallel  motion  be  obtained  in 
gm,  it  must  likewise  be  obtained  in  r.  To  that  part  of  r 
the  piston  rod  is  attached,  and  is  thereby  kept  parallel 
daring  the  ascent  and  descent  of  the  beam. 

The  governor  or  pendulum, «,  is  used  for  regulating  the 
quantity  of  steam  admitted  into  the  cylinder,  and  may  be 
easily  understcod.  The  balls  are  heavy,  and  rise  or  fall 
according  to  the  speed.     When  the  engine   goes   too 

a  t 
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quickly^  they  also    revolve   with    equal    rapidity;    the 
centrifugal    force  of  the    balls    being    thus    increased, 
they  recede  from    the    centre,   and    thereby   raise   the 
levers  by  which  they  are  suspended ;  these  levers  are  con- 
nected with  the  shorter  ones  ««,  which,  in  expanding, 
cause  the  ring  or  strap,  u;,  to  descend      Into  a  groove  of 
this  ring  a  fork  or  semicircle  is  made  to  fit,  which  is  fixed 
to  the  end  of  the  lever  wH;  so  that  as  much  as  the  strap 
ascends,  the  farther  end  of  the  lever  descends,  and  by  the 
rod,  H  Z,  depresses  the  handle  of  the  throttle  valve,  Z, 
which  is  a  vane  in  the  interior  of  the  steam  pipe,  of  such 
dimensions  as  to  completely  fill  the  pipe  in  one  position, 
and  by  presenting  its  edge  to  the  steam  in  another,  to 
oppose  no  resistance  to  the  entrance  of  the  steam. 

We  must  now  return  to  the  cylinder  and  condenser,  the 
iatter  of  which  is  not  shewn,  but  may  be  briefly  described. 
It  consists  of  a  tube  immersed  in  cold  water,  and  connected 
at  the  bottom  by  a  pipe  to  a  pump,  which  is  worked  by 
the  rod,  4.    The  use  of  this  pump  is  to  preserve  the  va- 
cuum by  drawing  off  uncondensed  vapour  and  the  water 
of  injection.    It  acts  precisely  on  the  same  principle  as  the 
common  air  pump,  and  bears  the  same  name,  the  receiver 
of  the  air  pump  being  the  condenser  of  the  engine,  and  the 
pump  similar  in  both.    We  will  now  suppose  steam  ad- 
mitted from  the  cylinder:   a  valve,  called  the  blowing 
valvBy  is  opened,  which  permits  the  steam  to  enter  the 
cylinder  and  condenser,  and  drive  out  the  air.    When  the 
air  is  expelled,  which  may  be  known  by  the  crackling 
noise  and  ebullition  which  takes  place  in  the  water,  (the 
former  arising  from  the  globules  of  pure  steam  rapidly 
condensing,  and  the  water  thereby  collapsing,)  the  blowing 
valve  is  shut,  and  the  valves  arranged  so  that  the  steam 
can  enter  the  upper  part  of  the  cylinder.   The  steam  acting 
in  conjunction  with  the  vacuum  now  formed  on  the  lower 
side  of  the  piston  causes  it  to  descend  to  the  bottom.  The 
lever,  1,  is  now  turned  downwards,  and  shuts  that  valve, 
whilst  2,  on  a  pipe  behind  that  which  we  see,  opens  a  pas- 
sage to  the  condenser.    The  lever,  3,  is  at  the  same  time 
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opened,  admitting  the  steam  under  the  piflton,  which  con- 
sequently ascends.  In  the  act  of  rising,  a  jet  of  cold  water 
is  admitted  into  the  condenser,  which  expedites  the  eon« 
lensation.  There  are  a  mtmber  of  tappets  on  the  pump 
rod,  4,  which  repeat  the  changing  of  the  valves  when  the 
engine  is  left  to  itself.  The  water  in  the  reservoir  sur- 
rounding the  condenser  would  be  soon  heated  by  the 
steam,  but  that  a  pump  worked  by  the  rod,  5,  keeps  a  con- 
stant supply  of  cold  water  from  the  well.  6  is  a  small 
pump,  which  supplies  Ihe  boiler  with  water  from  the 
heated  water  drawn  out  of  the  condenser. 

Having  now  explained  the  mode  of  operation,  we  have 
to  state  that  the  first  engines  were  imed  for  pumping 
water,  and  for  that  purpose  alone.  The  first  engine, 
therefore,  was,  like  Newcomen^s,  a  single  acting  onej  as 
its  power  was  only  exerted  in  one  direction.  It  was 
covered  at  the  top  like  the  double  engine,  but,  instead  of 
having  the  steam  and  vacuum  to  aid  it  in  both  ascent  and 
descent,  the  vacuum  was  only  used  in  the  descending 
stroke  of  the  piston,  whilst  the  ascending  one  was  effected 
by  a  heavy  weight  or  counterpoise  at  the  further  end  of 
the  beam.  During  the  latter  operation,  the  steam  was 
adoiitted  by  a  valve  from  the  upper  to  the  under  side  ot 
the  piston,  and  was  there  used  for  formins^  the  vacuum 
bdow.  By  this  method  the  air  was  entirely  excluded 
from  the  cylinder. 

The  first  engine  was  of  this  description ;  it  was  erected 
on  the  estate  of  the  Duke  of  Hamilton,  at  Kenneil,  about 
a  mile  from  Borrowstoness,  in  Scotland.  The  cylinder 
was  eighteen^  inches  in  diameter,  ^^  and  it  was  successively 
altered  and  improved,  until  it  was  brought  to  considerable 
perfection."  In  1768  and  9,  a  patent  was  procured,  in 
conjunction  with  Dr.  Roebuck,  (the  founder  of  the  Carron 
Iron  Works,  and  through  whose  interests  the  experimental 
engine  had  been  erected  at  Kenneil,)  and  arrangements 
were  made  to  manufiicture  on  a  large  scale,  when,  from 
pecuniary  embarrassments,  the  Doctor  was  obliged  to 
withdraw  his  promised  aid,  and  Watt  was  about  to  aban- 
don his  project     It  fortunately  happened,  however,  that 
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A  negotiation  was  opened  with  Mr.  Matthew  Bolton,  of 
Birmingbam,  which  was  concluded  in  1773. 

From  this  time  things  went  on  successfully ;  his  col- 
league was  a  man  of  wealth  and  influence,  and  lent  his 
utmost  aid  to  the  extension  of  the  sale,  which  was  effected 
with  great  difficulty,  chiefly  arising  from  the  increased 
cost  of  erection.  The  patentees  erected  the  engines  at 
such  prices  as  could  be  obtained,  and  received  a  third  part 
of  the  saving  of  coal,  which  saving  was  decided  by  a  ma- 
chine somewhat  similar  to  that  which  was  used  onWaterioO| 
Southwark,  and  Vauxhall  bridges.  It  consisted  of  a  train 
of  wheel- work,  working  like  clock-work,  commonly  at- 
tached to  the  beam  in  such  a  manner  that  by  every  stroke 
of  the  engine  it  moved  one  tooth,  so  that  the  index  told 
how  many  strokes  had  been  made  since  last  examined 
Two  sets  of  keys  were  kept,  one  by  the  proprietors,  and 
^he  other  by  the  traveller  of  Messrs.  Bolton  and  Watt, 
who  went  round  at  stated  periods,  and  ascertained  the 
number  of  strokes  which  the  engine  had  made  during  his 
absence,  and  the  consumption  of  coal,  in  proportion  to  the 
work  done,  having  been  previously  decided,  the  advantage 
of  their  engine  over  the  atmospheric  was  easily  known. 

In  the  early  engines  a  rack  and  sector  were  used  for  the 
purpose  of  working  the  beam  by  the  piston ;  but  this  was 
very  defective,  and  easily  disarranged,  especially  when  the 
direction  was  reversed.  This  gave  way  to  the  parallel 
motion,  one  of  the  brightest  thoughts  which  ever  occurred 
to  Mr.  Watt. 

Another  difficulty  was  the  irregular  motion  of  the 
engine,  which  was  subject  to  considerable,  variation  in 
speed,  as  the  supply  of  steam  in  the  boiler  varied.  This 
was  obviated  by  the  governor  acting  upon  the  throttle 
valve,  which,  we  have  already  shown,  admitted  more  or 
less  steam,  as  the  speed  decreased  or  increased.  The 
governor  was  not  Watt*s  invention,  but  had  been  pre- 
viously used  in  corn  mills,  which  were  subject  to  similar 
irregularity.  When  the  stones  moved  too  quickly,  the 
meal,  by  the  rise  of  the  stones,  was  too  coarse ;  when,  on 
the  contrary,  the  motion  was  slow,  the  meal  produced  was 
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small  in  quantity,  and  too  fine.  The  governor,  or  as  it 
was  then  called  the  tent-Ufter^  brought  the  mill-stones 
nearer  when  in  rapid  motion,  and  removed  them  farther  off 
when  slow*  This  ingenious  regulator  was  applied  by 
Mr.  Watt  to  his  throttle  valve,  and  has  been  ever  since 
used  for  that  purpose. 

Mr.  Watt,  in  1778,  states,  that  he  contemplated  the 
practicability  of  obtaining  a  rotative  motion  from  the 
reciprocating  one ;  and  for  this  purpose  he  thought  of  the 
crank,  (for  which  we  have  seen,  that  Hulls  had  previously 
obtained  a  patent,  but  which  was  unknown  to  Mr.  Watt), 
and  when  he  had  nearly  brought  bis  project  to  bear,  and 
was  about  taking  out  a  patent  for  it,  he  found  that  a  Mr. 
Wasbrough,  of  Bristol,  had  already  obtained  a  patent  for 
the  crank ;  Mr.  Watt,  therefore,  finding  himself  thus  pre- 
vented from  using  his  invention,  set  about  something 
which  might  answer  the  purpose  instead.  This  he  effected 
by  his  sun  and  planet  wheel,  which  possesses,  as  we  have 
said,  some  advantages  over  the  other. 

An  important  improvement  of  Mr.  Watt's  was  carried 
into  practice  in  1778.  It  consists  in  shutting  off  the  steam 
from  the  cylinder,  some  time  before  the  piston  has  com- 
pleted its  stroke,  so  that  the  remainder  may  be  performed 
by  the  expansion  of  the  steam  already  contained  in  the 
cylinder.  This  serves  as  a  method  of  regulating  the 
acting  force  of  the  engine,  because,  as  the  steam  can  be 
shut  off  at  any  part  of  the  ascending  or  descending  stroke, 
so  much  steam  may  be  admitted  as  barely  to  carry  the 
piston  through  its  required  motion,  and,  by  the  adjustment 
of  the  valve  gear,  the  quantity  of  steam  admitted  may  at 
all  times  be  varied  in  an  iustant.  If  this  were  the  only 
advantage,  it  is  a  great  one ;  but  we  shall  make  it  appa- 
rent that  a  great  saving  of  fuel  will  likewise  be  effected 
by  this  method. 

If  the  whole  stroke  of  the  piston  be  divided  into  a  given 
number  of  parts,  say  ten,  and  each  subdivided,  the  pres- 
sure will  vary  in  each  subdivision,  according  to  the  follow- 
ing table.    The  pressure  of  steam  is  assumed  to  be  equal 
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to  fourteen  pounds  on  tlie  inclT,  and  the  length  of  the 
stroke  to  be  eight  feet. 


tta  tvp  of  fka 
QjrnoAar. 

*1    I  Fall  tapply  of 

*15  >8tefta  from  the^^ 

•9     boUer. 

One  fourth,   or  *t5j   


PraponlwB  of  tlM  prMmr* 

•rite  tMUB  oa  tta«  ptaten 

to  tha  «h«l«  prsMurrt  off 

HlUi.  p«rMuar«  tech. 


•s 

-35 

•4 

•45 

Olio  half,  or  • . . .  *5 

•55 
•fl 
•fw 
•7 

Three  fourths,  or  *75 

•8 
•85 
•9 
•05 

BoUMB  or  Om  CVlloter .  1  • 


Supply  of 

steam  cut  off, 

^and  the  descent-c 

is  produced  by 

expansioQ  only 


•• ••••••ooo* 


!• 

I*  I  This  is  the  full  presmire  of 
!•  M4Ib  per  inch,  before  the  snpply 
I*    of  steam  is  shut  off. 

''••SS 

0-714 

0-685 

0-555 

0.5    -^  the  original  preinire/ir  t^  W  k^.  inck 

0-454 

©•417 

0-885 

0*S75 

O'SSS— J  the  origioal  pressure,  or  ^llb 

0-SlS 

0^S04 

0-877 

0-809 
^0*85  — i  the  original  pressure,  or  8^  lb 

11.568 


It  is  stated  in  the  specification  that  the  suin  of  all  the 
varying  powers  is  greater  than  fifty-seven  hundredth  parts 
of  (he  original  power  multiplied  by  the  length  of  the 
cylinder,  whereby  only  one  fourth  of  the  steam  necessary 
to  fill  the  cylinder  is  employed,  and  the  effect  is  more  than 
half  that  which  would  have  been  produced  by  the  cylinder 
full  of  steam.  Thus  the  sum  of  all  the  numbers  which 
express  the  action  of  the  steam,  taken  at  twenty  different 
places  in  the  descent,  is  11*583;  whilst  the  whole  pressure, 
represented  by  1,  and  taken  likewise  at  different  places, 
will  be  20 ;  it  is,  therefore,  VjA^>  or  tVt« 

This  is  a  curious  fact,  and  sufficiently  proves  the  great 
economy  of  the  expansive  principle.  For,  had  steam  been 
admitted  during  the  whole  of  the  stroke,  the  accumulated 
pressure  would  have  been  6333x4,  or  S5,3321bs.  The 
quantity  of  steam  consumed  during  this  stroke  would  have 
been  four  times  more  than  if  it  had  been  shut  off  at  one 
fourth  of  the  stroke,  and  yet  the  effect  of  the  whole  is  only 
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five  thirds  of  that  produced  by  the  latter.  One  fourth  of 
the  steam  performs  three  fifths  of  the  work  which  would 
have  been  performed  by  the  whole. 

The  boiler  of  Mr.  Watt's  enjfines  was  generally  made 
of  what  is  called  the  waggon  form,  and  so  placed  on  the 
furnace  that  the  flame  passes  through  a  long  flue,  which 
goes  twice  round  the  bottom  part  of  the  boiler.  In  order 
to  ascertain  the  height  of  the  water  in  the  boiler,  two 
gaage  cocks  are  employed,  one  a  little  above,  and  the 
other  a  little  below  the  proper  level  of  the  water.  Con- 
sequently, if  the  water  be  at  the  proper  height,  the  lower 
cock  will  emit  water,  and  the  higher  one,  steam.  If  water 
should  issue  from  both,  it  is  evident  that  there  is  too  much 
in  the  boiler ;  but  if  steam  only  be  given  out,  then  it  is  too 
low.  The  supply  of  water  is  kept  up  by  a  small  pump, 
shewn  at  6,  in  our  drawing,  which  is  fed  from  the  hot- 
well. 

The  apparatus  on  which  the  safety  of  all  steam  engines 
depends,  is  the  safety  valve ;  that  of  Mr.  Watt  was  of  the 
lever  kind  ;  the  valve  itself  is  conical,  and.80  loaded  that 
its  weight  may  exceed  the  force  of  the  steam  within.  As 
soon  as  the  pressure  exceeds  the  load  on  the  valve,  it  lifts 
it  up,  and  the  steam  blows  off  ifntil  the  equilibrium  be 
restored.  There  is  likewise  another  safety  valve,  which 
opens  inwards,  being  balanced  likewise  by  a  lever  and 
weight,  to  keep  it  shut.  Its  use  is  to  prevent  the  sides  of 
the  boiler  from  being  crushed  by  the  pressure  of  the 
atmosphere,  when  the  engine  has  stopped,  and  the  steam 
within  is  condensed  by  the  removal  of  the  fire. 


We  now  come  to  speak  of  the  imperfections  attendant  on 
(he  Bolton  and  Watt  engine :  these  are,  friction  from  the 
rubbing  of  the  moving  parts  against  each  other — the  reci- 
procation of  the  machinery,  and  the  irregularity  of  the 
motion  :  we  shall  notice  them  successively. 

First.  The  rubbing  of  the  parts  against  each  other. — 
This  evil  must  exist  in  every  conceivable  form  into  which 
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the  steam  engine  may  be  modi  Jed,  btft  no  doubt  the  quan- 
tity may  be  considerably  reduced.  The  steam^  in  order 
that  its  full  effect  may  be  obtained,  acts  against  a  moveable 
piston  in  a  cylinder  from  which  it  cannot  escape.  This 
piston  is,  as  has  been  explained,  packed  or  stuffed  on  its 
edges,  which  prevents  the  steam  from  escaping  past  it; 
and  from  the  nature  of  the  material  used  for  packing,  and 
the  tightness  with  which  it  is  pressed  against  the  cylinder, 
the  friction  arises.  This  is  sometimes  so  great,  that  we 
bave  seen  engines  where  the  whole  force  of  the  steam 
could  not  give  them  motion.  It  is  usually  estimated  at 
one  third  of  the  power  of  the  steam — that  is  to  say,  if  the 
steam  acted  upon  a  piston  with  a  force  of  1500  lbs.,  the 
effect  produced  would  not  exceed  1000  lbs.,  a  power  of 
600  lbs.  having  been  absorbed  by  the  movement  of  the 
machinery  alone. 

The  next  objection  is  the  reciprocation  of  the  parts. 
This  is  an  evil  of  considerable  magnitude.  It  originates 
from  an  inherent  law  in  matter,  by  which  M  bodies  have 
a  tendency  to  continue  in  the  motion  communicated  to 
them,  or  remain  in  their  natural  state  of  rest.  If  a 
ball  be  discharged  from  the  mouth  of  a  cannon,  it  requires 
an  exertion  of  force  to  give  it  an  impetus  greater  than 
would  be  required  to  continue  its  motion.  If  its  progress 
be  arrested  whilst  in  motion,  a  shock  will  be  experienced 
by  the  body  which  impedes  it,  the  force  of  which  shock 
will  vary  as  the  velocity  of  the  ball.  When  this  ball  ceases 
to  move  without  any  vUible  impediment,  it  is  not  that  its 
original  impetus  is  exhausted  or  spent^  (though  the  latter 
term  is  frequently  used,)  but  that  it  i&  gradually  ov^er*- 
come  by  the  particles  of  air,  which  form  a  socceanoji  4^ 
points  of  resistance,  and  the  attraction  of  gravitation,  wllel^ 
has  a  tendency  to  draw  it  towards  the  centre  of  the 
earth.  Were  it  not  for  the  operation  of  these  eom- 
bined  but  invisible  forces,  the  ball  would  continue  in 
motion  for  ever,  because  nothing  would  intervene  to 
destroy  the  primary  impetus.  This  property  of  matter 
occasions  a  eonsiderable  destruction  of  power  in  the  steam 
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engine.  The  motion  of  a  massive  beam,  and  its  necessary 
appendages  of  machinery,  a  piston,  connecting  rod,  paral- 
lei  motion,  and  pump  buckets,  have  to  be  reversed  at  each 
stroRe  of  the  engine,  and  that,  too,  when  the  speed  is  very 
great.  The  natural  state  of  rest,  or  vts  mertus^  (i.  e.  the 
force  of  inactivity,)  has  to  be  overcome  *at  the  commence- 
ment of  each  stroke;  and  when  a  great  velocity  is  ac- 
quired, it  is  as  suddenly  checked  to  prepare  for  the 
returning  one.  This  unavoidably  produces  a  great  strain 
upon  the  machinery,  which  roust  be  made  proportionably 
more  massive  :  and  it  requires  likewise  great  skill  in  the 
construction  of  the  engine  house,  to  prevent  its  being 
ultimately  destroyed,  by  the  alternate  push  and  pull  which 
it  experiences  at  each  reversion  of  the  beam.  We  have 
frequently  seen  the  best  constructed  engine  houses  shaken, 
and  almost  falling  to  pieces  from  this  cause. 

Various  schemes  have  been  proposed,  to  remedy  one  of 
the  evils  of  reciprocation.  We  mean  the  shock  expe- 
rienced by  the  reversion  of  the  motion.  It  is  not  expected 
to  prevent  the  loss  of  power  sustained  thereby ;  for  that 
must  remain  as  long  as  the  law  of  which  we  have  just 
spoken  exists.  Where  a  crank  and  fly  wheel  are  used  to 
obtain  a  rotatory  motion,  a  shock  is  prevented  by  the 
velocity  being  gradually  retarded,  the  crank  having  to 
perform  a  greater  portion  of  its  revolution  with  only  the 
same  surface  of  steam  at  the  commencement  and  termina- 
tion of  each  stroke  of  the  piston :  we  explain  our  meaning 
by  reference  to  the  marginal  diagram.  ^ 
a  6  is  the  crank  of  a  steam  engine,  of 
^vhich  the  semi-circle  d,  c,  a,  c,  /,  repre-  *^ 
sents  the  motion  communicated  by  one 
stroke  of  the  piston  ;  when,  therefore,  the  'Vn 


crank  in  its  present  position  is  moved  from  V 
a  to  c,  the  piston  is  at  its  greatest  speed, 
and  travels  nearly  at  the  same  velocity  as 
the  point  a  of  the  crank.      But   when  '^ 
moving  from  c  to  d,  an  equal  portion  of  a   i" 
revolution,  the  piston  only  moves  a  distance  equal  to  gd^ 
4.  K 
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in  the  same  space  of  time,  as  it  had  previously  moved  a 
distance  equal  to  6  g^  almost  double  of  dg.  Hence  it 
appeal's  that  the  crank,  by  gradually  decreasing  the  speed, 
is  admirably  adapted  for  preventing  the  violent  shock 
which  would  otherwise  be  experienced  by  the  piston 
striking  the  top  and  bottom  of  the  cylinder,  and  by 
changing  the  motion  of  the  beam  too  suddenly ;  but  it  does 
nothing  towards  reducing  the  power  lost  by  reciproca* 
tion.  In  pumping  engines,  where  a  fly  wheel  and  crank 
are  not  used,  other  means  are  adopted  to  check  the  force  ot 
the  piston,  or  guard  against  the  shock  of  suddenly  chang- 
ing the  motion  of  the  beam.  In  the  coal  districts,  the 
usual  way  is  to  shut  oiT  the  steam  when  a  part  of  the  stroke 
has  been  performed ;  the  expansive  force  of  that  already  in 
the  cylinder,  together  with  the  impetus  of  the  piston  suf- 
ficing to  barely  carry  it  to  the  termination  without  vio- 
lence. In  such  engines,  springs  are  sometimes  fixed  above 
and  below  the  beam,  so  as  to  check  its  progress,  should  the 
steam  possess  more  force  than  may  be  expected.  ^^  It  once 
happened,*^  says  Mr.  Farey,  ^^  that  the  valve  of  the  pump 
bucket  breaking,  the  engine  suddenly  lost  its  load  or 
resistance,  which  occasioned  the  piston  to  descend  and 
strike  on  the  spring  beams  for  two  or  three  successive 
strokes  with  such  violence  as  to  break  one  of  the  beams, 
and  at  last  the  piston  striking  the  bottom  of  the  cylinder, 
the  momentum  of  the  beam  forced  down  upon  the  rod  so 
violently  as  to  bend  the  great  piston  rod  quite  crooked. 
To  prevent  similar  accidents,  a  smaller  steam  pipe  was 
added  to  the  side  of  the  vertical  steam  pipe  communicating 
with.the  passage  into  the  bottom  of  the  cylinder.  This 
pipe  is  kept  closed  by  a  valve ;  but  if  the  engine  descends 
so  low  as  to  strike  on  the  spring  beam,  a  catch  pin  on  the 
beam  strikes  a  small  lever,  and  by  a  wire  of  communica- 
tion opens  the  valve,  and  lets  the  steam  into  the  lower 
part  of  the  cylinder  beneath  the  piston  and  thus  destroys 
the  vacuum,  so  as  to  prevent  the  farther  descent  of  the 
piston."  ^ 

This  addition,  it  will  be  understood,  applied  only  to  the 
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siiigle  acting  engine,  but  it  serves  to  show  that  the  objec- 
tions which  we  have  given  arising  from  momentum  are  not 
merely  theoretical. 

The  beautiful  addition  of  the  crank  to  the  steam  engine, 
although  the  means  of  extending  its  utility  tenfold,  has 
been  the  subject  of  much  objection.  Engineers  and  others 
possessing  considerable  claims  to  the  character  of  scientific 
men,  have  not  unfrequently  maintained  that  there  is  a 
considerable  loss  of  power  by  the  change  in  the  length  of 
the  lever  as  the  crank  revolves.  We  shall  endeavour  to 
show  the  error  into  which  such  persons  have  fallen 

The  principle  of  the  lever  is  so  well  known,  that  it  is 
scarcely  necessary  to  explain  it :  lest,  however,  it  should 
not  present  itself  to  all  our  readers,  we  will  give  a  short 
description.  ^^  In  all  levers,  the  universal  property  is, 
that  the  effect  of  either  the  weight  or  the  power,  to  turn 
the  lever  about  the  fulcrum,  is  directly  as  its  intensity  and 
its  distance  from  the  prop ;  whence  it  is  deduced,  that  if 
parallel  forces  acting  perpendicularly  upon  a  straight 
lever  keep  it  in  equilibrio,  they  will  be  to  each  other  reci- 
procally, as  the  distances  from  the  fulcrum  upon  which 
they  act."*  Thus,  supposing  a  bar  of  four  feet  in  length 
be  fixed  upon  a  fulcrum  exactly  in  the  middle,  and  an 
ounce  weight  be  suspended  at  each  end,  the  two  ends  will 
be  in  equilibrio,  because  the  force  of  gravitation  is  equal, 
neither  possessing  it  in  a  greater  degree ;  but  if  the  ful* 
crum  be  shifted  and  placed  three  feet  from  one  end,  then 
it  will  require  three  ounces  at  the  shorter  end,  to  balance 
one  ounce  at  the  other.  If  motion  be  given  to  the  shorter 
end  whilst  the  fulcrum  remains  the  same,  the  end  of  the 
longer  lever  will  traverse  three  times  the  space  of  the 
shorter. 

The  crank  of  a  steam  engine  is  a  lever  whose  fulcrum  is 
at  a.  It  is  the  nature  of  the  crank  that  its  power  or 
leverage  varies  with  its  position.  Let  a  b  represent  the 
crank,  the  point  b  is  moved  by  the  connecting  rod,  and 
revolves  round  the  centre  a.    Supposing  the  resistance  be 


*  Good  and  Gregory. 
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equal  to  iOOlbs.,  or  that  100 lbs.  have  to  be  raised  3.1416 
feet  for  every  revolution  of  the  crank — it  is  evident  if  a 
force  or  weight  exceeding  100  lbs.  be  applied  at  by  whilst 
the  crank  is  horizontal,  it  will  be  sufficient  to  raise  the 
weight.  But  when  the  point  b  has  descended  to  c,  the 
length  of  the  lever  being  described  by 
its  sine,  the  vertical  line  e  c,  drawn 
through  a  6,  shows  6  a  to  be  the  length 
of  the  lever,  which  is  only  one  half  of 
b  a.  It  would,  therefore,  require  a 
weight  double  of  the  former  to  continue 
the  motion.  And  if  the  crank  descend 
to/,  the  vertical  line,  df,  shows  d  a  to 
be  the  length  of  the  lever,  and  to  be 
only  one  fourth  of  what  it  was  when 
horizontal.  When  it  reaches  9,  no 
power  on  earth  applied  through  the  medium  of  the  con- 
necting rod,  would  continue  the  motion  further. 

To  equalise  this  irregularity,  and  in  some  degree  to 
compensate  for  this  great  variation,  the  cylinder  is  of  such 
dimensions  as  to  give  out  a  considerably  greater  power 
when  the  crank  is  horizontal  than  is  then  necessary.  This 
extra  power  is  employed  to  give  motion  to  the  fly  wheel, 
which  is  of  sufficient  dimensions  to  retain  the  impetus 
until  it  be  past  the  point  d,  when  the  steam  begins  to  act 
with  effect  upon  the  lower  side  of  the  piston. 
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Let  a  represent  a  cylinder,  the  length  of  the  stroke  of 
the  piston  being  two  feet,  d  6  is  the  crank,  the  length  of 
which  is  one  foot ;  6  c,  the  beam,  the  fulcrum  of  which  is 
exactly  in  the  middle.  If  the  piston  be  put  in  motion,  the 
extreme  end  of  the  crank  will  describe  a  semi-circle  of 
3.1416  feet.  Now,  let  us  suppose  that  a  drum  be  fixed 
upon  the  axle  6,  whose  circumference  is  four  feet,  equal 
to  one  ascending  and  one  descending  stroke  of  the  piston 
If  a  weight  be  suspended  by  a  rope  to  this  drum,  as  at  h^ 
the  power  of  the  engine  at  that  point  will  exceed  the 
power  necessary  to  raise  the  weight  as  much  as  d  e  exceeds 
t  e.  This  extra  power  is  communicated  to  the  fly  wheel, 
which  faithfully  gives  it  out  when  required.  When  the 
crank  has  descended  so  as  to  decrease  the  length  of  the 
lever,  that  it  is  shorter  than  t  ^,  tken  a  portion  of  the  extra 
power  in  the  fly  wheel  is  absorbed  in  aiding  the  decreased 
leverage  of  the  crank.  And  although  the  power  gradually 
decreases,  yet  the  speed  of  the  piston  gradually  decreases 
also ;  so  that  if  the  power  of  the  crank  be  only  one  half  in 
a  certain  position,  yet  the  quantity  of  steam  used  is  only 
one  half,  and  thus  the  effect  of  no  part  of  the  steam  is 
wasted,  the  effect  being  in  every  point  equal  to  the  steam 
expended.  It  is  true,  that  if  we  could  have  applied  the 
power  at  a  point  equidistant  from  the  centre  in  every  part 
of  the  revolution,  we  should  have  obtained  much  greater 
leverage,  but  then  the  expenditure  of  the  steam  would 
have  been  proportionably  greater. 

We  will  further  explain  this  theory  by  referring  to 
another  diagram,  g  d  represents  a  lever  like  the  crank  : 
g  being  the  axle,  a  b  are 
two  vessels  fitted  with  pis- 
tons, and  in  every  respect  re- 
sembling cylinders,  excepting 
that  they  are  curved  so  as  to 
describe  portions  of  circles 
formed  from  the  point  g.  We 
will  suppose  that  the  piston 
10  a  acts  upon  the  extremity  of  the  cranky  and  that  in  b  at 
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half  the  distance  from  the  centre.  The  vessels  are  of  the 
same  area,  so  that  if  steam  were  introduced  from  a  boiler^ 
it  would  press  with  equal  force  upon  each  piston,  and 
consequently  the  rods  would  each  press  with  an  equal 
force  upon  the  points,  e  d.  Now  it  would  be  maintained, 
that,  because  at  e  there  is  only  half  the  leverage,  therefore 
half  the  effect  of  the  steam  in  h  is  lost;  but  it  will  be 
found,  that  if  that  lever,  g  (f,  be  moved  any  given  distance 
round  its  centre,  that  the  piston^  6,  only  moves  half  the 
distance  of  the  piston,  a;  and,  consequently,  the  areas 
being  equal,  and  the  distance  but  one  half,  only  half  the 
steam  is  expended.  Hence  it  is  clear,  that  the  consump- 
tion of  the  steam  in  every  point  of  the  lever  is  only  equal 
to  the  effect  produced. 

There  are  minor  objections  against  Watt's  engine, 
which,  nevertheless,  should  be  noticed.  One  is,  the  waste 
of  steam  at  the  reversion  of  the  motion  of  the  piston. 
First,  from  the  pipes  between  the  valve  and  the  cylinder. 
In  filling  the  cylinder  these  must  be  filled,  and  in  dis-^ 
charging,  these  must  likewise  be  emptied;  so  that  they 
are  filled  and  emptied  at  each  change  of  the  motion.  But 
in  the  cylinder  every  particle  of  the  steam  produces  an 
effect;  whilst  here  the  steam  used  produces  no  effect,  and 
is  therefore  wasted.  Secondly,  from  the  changing  of  the 
valves  themselves  at  the  improper  time.  Indeed,  there  is 
no  time  at  which  they  can  be  changed  without  disadvan- 
tage  by  loss  of  steam;  and  the  difficulty  of  determining  the 
precise  time  frequently  occasions  their  being  changed  at 
such  a  time  as  to  waste  more  steam  than  is  necessary. 
The  unavoidable  waste  arises  from  the  change  of  the  valves 
being  a  work  of  time,  whilst  the  reversion  of  the  stroke  is 
instantaneous:  therefore,  either  the  change  t>f  valves 
begins  too  soon,  and  admits  steam  into  the  vacuum  before 
the  stroke  be  completed,  or  ends  too  late,  and  admits  steam 
into  that  part  of  the  cylinder  when  a  vacuum  is  forming, 
thereby  preventing  its  formation,  or  otherwise  it  is  at« 
tended  with  both  these  disadvantages. 

Another  disadvantage  is  the  unequal  form  into  which 
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Che  cylinder  and  piston  rod  become  worn,  after  having 
been  some  years  in  use.  This  arises  from  the  varied 
speed  at  which  they  travel,  and  to  their  not  passing  over 
all  parts  of  the  surface.  We  have  seen  in  use,  a  piston 
rod  and  cylinder  almost  as  much  out  of 
form  as  that  in  the  drawing.  The  form  of 
the  piston  rod  arises  from  the  parts  1 , 2, 
and  3,  4,  being  only  partially  drawn 
through  the  stuffing  box,  consequently 
less  rubbed  than  the  middle,  which  is 
drawn  through  at  each  stroke.  The 
decreased  diameter  in  the  middle  of 
the  rod  arises  from  the  speed  being 
greater  there  than  at  other  parts,  (the 
cause  of  which  we  have  already  ex- 
plained,) and  creates  in  consequence  a 
greater  wear. 

The  irregular  wear  of  the  cylinder  is  produced  in  the 
same  manner.  The  piston  is  not  drawn  through,  but 
merely  comes  in  contact,  or  is  partially  moved  through 
5, 6,  and  7, 8,  whilst  it  rapidly  passes  the  middle,  and  there- 
fore, in  that  part,  it  is  more  worn  than  at  any  other. 

The  last  inconvenience  we  shall  notice,  though  it  is  by 
no  means  the  least,  is,  that  the  fly  wheel  is  the  constant 
and  indispensable  accompaniment  of  the  crank.  This  will 
appear  evident  from  what  we  have  already  stated. 

Independently  of  extra  cost,  extra  friction,  and  extra 
room,  it  becomes  necessary  to  have  two  engines  in  steam 
boats,  to  obtain  any  thing  like  a  regular  motion,  and  even 
this  is  far  from  being  regular.  In  steam  boats,  the  two  cranks 
are  fixed  upon  the  same  axle  as  that  on  which  the  paddles 
are  placed.  By  this  contrivance,  when  the  crank  of  one 
engine  is  passing  the  centre  and  has  no  power,  the  other  is 
at  its  greatest  power ;  and,  thus  aiding  each  other,  some- 
thing like  an  equality  is  preserved.  But  this  is  irregular, 
as  a  variation  still  takes  place  in  the  mean  length  of  the 
wo  levers. 

ac^and  c  &,  represent  two  cranks^  the  axle  of  which 
he.    ac  is  now  passing  the  centre,  and  therefore  has  no 
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power ;  whilst  the  other,  c  by  is  at 
its  greatest  power.  The  mean 
length  of  the  lever,  therefore,  is  at 
cI,or  one  half  of  c  6 ;  but  when  the 
two  cranks  have  made  one  eighth 
of  a  revolution,  as  to  c/,  and  c  g^ 
then  the  line,/</,  shows  the  mean 
power  to  be  at  6 ;  having  varied 
from  c  d  to  c  c. — This  irregularity 
being  unaided  by  a  fly  wheel,  may 

probably  account  for  the  vibration  which  we  feel  in  many 
steam  boats,  and  which  appears  to  proceed  from  some 
other  cause  than  the  reciprocation  of  the  parts.  It  should 
be  observed  that  the  impetus  of  the  boat  makes  the  paddles 
act  as  a  kind  of  fly  wheel ;  because,  if  they  were  suddenly 
disengaged  from  the  machinery,  they  would  continue  to 
revolve  of  themselves,  so  long  as  the  velocity  of  the  stream 
was  less  than  the  velocity  of  the  boat,  because  then  the 
stream  acts  like  a  current  driving  an  undershot  wheel. 
So  long  as  the  vanes  continued  to  be  driven  against  the 
water,  so  long  would  the  motion  of  the  wheels  be  con- 
tinued in  the  same  direction  as. that  given  by  the  ma- 
chinery ;  therefore,  we  sav^  that  they  are  fly  wheels  of  a 
peculiar  kind ;  but  still,  as  the  speed  would  immediately 
decrease  as  they  were  disengaged  from  the  machinery, 
from  the  yielding  nature  of  the  medium  through  which 
they  pass,  so  also  would  they  vary  in  velocity,  as  the  mean 
power  of  the  crank  increases  or  diminishes. 

It  will  be  readily  conceived  that  these  disadvantages 
must  have  exercised  the  talent  of  many  ingenious  men. 
All  have  agreed  that  the  remedy  might  be  found  in  a  cir- 
cular or  rotatory  motion,  obtained  from  the  steam  itself, 
without  the  aid  of  the  beam,  crank,  or  piston  rod.  If  this 
could  be  effectually  done,  it  would  do  away  with  almost 
every  defect  of  which  we  have  spoken.  Reciprocation 
would  be  removed,  as  well  as  irregularity  in  the  power  of 
the  lever;  and,  as  for  friction,  that  of  the  beam  and 
appendages  would,  at  all  events,  be  destroyed :  but  it  Las 
been  found  that,  hitherto,  notwithstanding  the  advantages 
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altendant  or  this  kind  of  eo^e,  inconveniences  and  diffi- 
culties have  been  found,  peculiar  to  each  varied  form,  or 
common  to  all,  that  have  precluded  its  adoption  in  pre-? 
fer^iee  to  the  reciprocating  engine.  The  defect  in  many 
of  them  has  been  excessive  friction,  and,  in  nearly  all,  the 
difficulty  of  maintaining  the  packing  steam  tight:  this  is 
as  much  as  we  can  say  as  to  the  general  objection.  We 
shall  direct  the  attention  of  the  reader  to  several  of  the 
best  rotatory  engines,  and  endeavour  separately  to  shew 
the  causes  of  failure* 

The  shrewd  and  investigating  mind  of  Mr.  Watt  seems 
to  have  directed  itsdf,  in  the  very  outset  of  his  career,  to 
the  desirableness  of  such  an  engine:  for  we  find,  in  his 
patent  of  1769,  (the  specification  of  which  we  have  ezar 
mined,)  that  a  rotative  engine  is  one  of  the  inventions 
inckided  therein,  and  seems  to  claim  precedence  in  his  judg- 
ment (if  we  may  judge  by  the  order  in  which  they  stand)  to 
tb^  US9.  of  hemp  and  oil  in  packing,  instead  of  water  as  in 
the  old  engines.  We  will  extract  that  part  of  the  specifi- 
cation verbatim : — 

*<  Where  motions  round  an  axis  are  required,  I  make  the 
steam  vessels  in  form  of  hollow  rings,  or  circular  channels, 
with  proper  inlets  and  outlets  for  the  steam,  mounted  on  hori- 
zontal axles  like  the  wheels  of  a  water  milL  Within  them 
are  placed  a  number  of  valves,  that  suffer  any  body  to  go 
round  tho  channel  in  one  direction  only:  in  these  steam 
yesselB  are  placed  weights,  so  fitted  to  them,  as  entirely  to 
fill  up  a  part  or  portion  of  their  channels,  yet  rendered 
<^pable  of  moving  freely  in  them,  by  the  means  hereinafter 
mentioned  or  specified.  When  the  steam  is  admitted  in  these 
eii^lines,  between  these  weights  and  the  valves,  it  acts  equally 
on  both,  00  as  to  raise  the  weight  to  one  side  of  the  wheel, 
and  by  the  re-action  on  the  valves  successively,  to  give  a 
circalar  motion  to  the  wheel,  the  valves  opening  in  the 
direction  in  whidb  the  weights  are  pressed,  but  not  on  the 
contrary.  As  the  steam  vessel  moves  round,  it  is  supplied 
with  steam  from  the  boiler,  and  that  which  has  performed  its 
office  may  either  be  discharged  by  means  of  condensers,  or 
into  the  open  air." 
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There  is  a  great  deal  of  confunon  and  ambiguity  in  thu 
part  of  the  specification,  aS)  indeed, '  there  ie  throughout  the 
whole ;  so  much  so,  that  we  are  surprised  that  the  patent  was 
erer  sustained,  since  it  is  required  that  all  spemiicaUona  should 
be  so  clear,  "  that  a  person  of  moderate  capacity,  haring  a 
little  knowledge  of  the  s<nence  which  led  to  the  invention, 
can  immediately  see  the  method  pointed  out,  and  easily  appre- 
hend the  purport  for  which  the  subject  was  invented,  without 
»tudy,  without  any  invention  of  his  own,  and  without  experi- 
ments."* No  drawings  are  given  of  any  one  of  the  six 
iovenUons  included  in  this  patent,  and  the  reader  mayjudge 
by  this  specimen  whether  any  one  can  comprehend  it  without 
study.  After  much  study  we  have  been  able  to  come  at  the 
meaning  of  the  patentee,  by  supplying  the  form  of  the 
Talves,  and,  indeed,  most  of  the  principal  parts,  and  in 
that  form  we  submit  it  to  our  readers  as  the  Firtt  Rotary 
Engine. 


(Watt's  First  Rotary  Engine.     1769.) 
*  Godt^D  on  PalcDU,  p.  109. 
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In  explaining  its  principle^  we  shall  repeat  the  words  of  the 
specification,  making*  such  alterations  in  the  language  as  may 
make  it  understood. 

'*  Where  motions  round  an  axis  are   required,   I  make 
the  steam  vessels  in  the  form  of  hollow  rings,  or  circular 
channels,  with  proper  inlets  and  outlets  for  the  steam,*'  (as 
at  a  and  ft,)  *'  mounted  on  horizontal  axles,''  (c,)  ^^  like  the 
wheels  of  a   water  mill.      Within  the  circular  channel" 
(ddd)   ''are  placed  a  number  of   ralyes"  {eeee)  ''that 
suffer  any  body  to  go  round  the  channel  in  one  direction 
only :  in  each  steam  vessel  is  placed  a  weight,"  {/,)  "  so  fitted 
to  ity"  (by  packing  at  g^)  "  as  entirely  to  fill  up  a  part  or 
portion  of   its   channel;    yet  rendered   capable  of   moving 
fireely   in  it  by  means  hereinafter  mentioned.     When  the 
steam   is  admitted  between  the  weight  and   valves,  it  acts 
equally  on  both,  so  as  to  raise  the  weight  to  one  side  of 
the  wheel ;  and  by  the  re-action  on  the  valves  successively, 
to  give  a  circular  motion  to  the  wheel,  the  valves  opening 
in  the  direction  in    which  the   weights   are   pressed.      As 
the  steam  vessel  moves  round,  it  is  supplied  with  steam  from 
the  boiler,   and  that  which   has  performed  its  ofBce  may 
either  be  discharged  by  means  of  condensers,  or  into  the 
afea  air/' 

Now  that  we  have  made  the  language  a  little  clearer,  we 
shall  proceed  to  describe  such  a  machine  as  we  imagine  the 
inventor  had  in  his  mind;  informing  our  readers  that  the 
hollow  arms,  form  of  the  valves,  manner  of  admitting  the 
steam  and  allowing  it  to  escape,  are  added  as  the  best  means 
we  can  devise  to  answer  the  proposed  end ;  but  we  are  not 
aware  how  they  were  really  formed,  nor  whether  at  the  time 
the  specification  was  drawn  up,  the  inventor  had  any  decisive 
plans  in  view ;  or,  that  he  (like  too  many  patentees)  trusted  to 
the  resources  of  his  own  mind  to' supply  them  when  he  pro- 
ceeded on  the  experiment. 

liiiii  is  the  circular  channel,  bolted  together  in  segments, 
in  whidi  the  weight,  made  of  cast-iron  or  lead,/,  can  move 
fireely.  The  weight  is'  packed  with  hemp  at  ^,  so  as  at  that 
part  to  fit  BO  tight  in  Uie  channel,  as  to  prevent  the  steam 
fi'om  escaping  past  it    i  i  i  i  are  four  hollow  arms,  commu- 
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nicating  with  the  hoMow  ring,  and  with  a  cylinder  or  boshj'j, 
Into  which  is  fitted  a  circular  plate  of  metal  k^  having  two 
cavities  a  by  in  the  situation  shown  in  the  drawing,  k  is 
covered  with  another  plate,  to  which  it  is  accurately  fitted ; 
to  this  outer  plate  is  attached  the  eduction  pipe,  which  com- 
municates with  a,  and  the  induction  pipe  which  com^ 
municates  with  b ;  the  plate  it,  and  its  covering,  remain 
stationary,  whilst  the  wheel  revolves,  and  the  open  end  of 
the  arms  iiiiy  successively  pass  over  the  open  spaces  n  bi 
and  admit  the  steam,  or  suffer  it  to  escape,  as  we  shall  now 
explain. 

The  steam  being  admitted  fi*om  the  boiler,  rushes 
through  the  arm  i  3,  into  the  channel,  and,  shutting  the 
valve  e  1,  or  finding  it  already  shut,  fi)rces  up  the  weight 
fff  into  one  side  of  the  wheel,  (as  shown  in  the  drawing;) 
this  causes  that  side  to  preponderate,  and  in  endeavouring 
to  regain  its  former  position  makes  the  wheel  to  revolve. 
But,  in  the  mean  time,  a  supply  of  steam  is  kept  up  from 
the  boiler,  which  preserves  the  weight  in  its  present  posi- 
tion, driving  the  wheel  round  in  the  opposite  direction^ 
whilst  the  valve  e  2,  having  passed  the  situation  it  is  now 
in,  is  shut  by  the  lever  /,  striking  the  tappet  m,  and  re- 
ceives the  force  of  the  steam,  previously  upon  e  t.  When 
the  wheel  has  revolved  a  little  farther,  the  arm  t  8  com- 
municates with  the  eduction  passage,  and  allows  the 
steam  to  escape  which  was  between  the  valves  e  1  and  e  8. 
Immediately  afler,  the  valve  e  1  strikes  against  the  firiction 
roller  A,  and  is  by  it  forced  into  the  i^cess,  assuming  the 
position  of  e  4.  At  the  same  time  the  valve  e  S  has  got 
clear  from  the  weight,  and  falls,  by  its  own  gravity,  into 
the  position  of  e  2,  after  which  it  is  shut  by  the  tappet  m^ 
in  the  way  already  expluned.  Thus  the  valves  succes* 
sively  receive  the  action  of  the  steam,  and  the  weight  being 
preserved  in  its  elevated  position,  the  wheel  continues  to 
revolve. 

Such  was  the  plan  designed  as  the  first  rotatorj  engine. 
It  is  because  it  was  the  first,  and  because  it  was  the  inven- 
tion of  Watt,  that  we  place  it  here.  In  itself  it  possesses 
few    claims    to   our   attention.      If  such  a  machine  could 
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ey^  be  made,  (which  is  doubtful,)  the  exceesiye  friction 
<sS  the  weight  moving  in  the  channel  would  exceed  that  of 
die  common  engine  tenfold.  But  the  worst  iault  would 
be,  that  the  packing  could  not  be  preserred  steam  tight 
for  any  length  of  time:  for  hempen  packing,  it  is  well 
known,  cannot  pass  orer  in  its  course  any  cavity,  or 
irregularity  of  surface,  without  been  soon  torn  out,  and 
rendered  incapable  of  performing  its  office.  It  would  also 
be  required  that  the  interior  of  the  channel  should  be 
aocurately  turned,  which  might  be  effected  in  small 
engines  by  tuning  a  section  of  the  wheel  at  once,  (such  as 
our  drawing  represents,)  and  afterwards  bolting  two  of 
smeh  sections  together;  but  in  large  diameters,  such  as 
would  be  absolutely  necessary  for  large  powers,  the  vibra- 
tion would  render  their  being  turned  an  absolute  impossi- 
bility. 

We  cannot  learn  whether  Watt  ever  proceeded  on  the 
experiment  He  himself  states  that  —  '*  a  steam  wheel, 
moved  by  force  of  steam  acting  in  a  circular  channel) 
against  a  valve  on  one  side,  and  against  a  column  of  mer- 
eury,  or  other  fluid  metal,  on  the  other  side,  was  executed 
at  Soho,  upon  a  scale  of  six  feet,  and  tried  repeatedly,  but 
was  given  up  as  several  objections  were  found  against  it" 
From  this  we  may  conclude  that  the  patented  machine  had 
probably  been  tried  and  abandoned,  on  the  ground  of  edcoes^ 
sive  firiction. 

We  have  likewise  some  information  on  the  subject  of 
Mr.  Watt's  experiments  on  rotative  engines,  by  Mr.  Farey, 
(in  his  article  *'  Steam  Engine,"  which  is  to  be  found 
in  Ree^s  Cyclopedia,)  who  say%  *^  One  of  his  first  trials 
was  uncommonly  ingenious;  it  consisted  of  a  drum  turning 
air-tight  within  another,  witk  cavities  so  disposed  that  there 
was  a  cattsiani  and  great  pressure  urging  it  in  one  direc^ 
tion  ;  but  no  packing  of  the  common  kind  could  preserve  it 
air-tight  with  sufficient  freedom  of  motion.  He  succeeded 
by  immersing  it  in  mercury,  or  in  amalgam,  which  remained 
fluid  at  the  heat  of  boiling  water ;  but  the  continual  action 
of  the  heat  and  steam,  together  with  the  friction,  soon 
<aydated   the   fluid,    and    rendered    it   useless.      He    then 
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tried  Parent  or  Barker's  Mill,  enclosii^  the  arms  in  a 
metal  drum,  which  was  immersed  in  cold  water.  The  steam 
rushed  rapidly  along  the  pipe  which  was  the  axis,  and 
it  was  hoped  that  a  great  re-action  would  have  been  exerted 
at  the  end  of  the  arms,  but  it  was  almost  nothing.  It 
was  then  tried  in  a  drum  kep|;  boiling  hot,  but  the  im- 
pulse was  very  small  in  comparison  with  the  expense  of  the 
steam." 

The  former  part  of  this  extract  is  about  as  obscure  as 
the  specification  which  we  have  just  noticed.  We  should 
certainly  have  expected,  from  a  man  of  Mr.  Farey's  expe- 
rience, a  somewhat  clearer  account  of  any  experiment  than 
that  with  which  we  are  furnished ;  for,  to  say  there  "  was 
a  machine  with  cavities  so  disposed  that  there  was  a  con- 
stant and  great  pressure  urging  it  in  one  direction,"  conveys 
no  fiirther  idea  than  that  a  motion  was  somehato  obtained, 
but  how,  it  is  utterly  impossible  to  know.  The  amount 
of  this  extract  is,  that  Mr.  Watt  tried  a  great  number 
of  experiments,  in  order  to  obtain  a  rotatory  engine,  and 
that  in  these  experiments  he  failed.  The  information 
we  gather  from  Mr.  Farey  might  have  been  said  in  as  few- 
words. 

The  second  patent  of  1782  (for  there  were  two  patents  of 
that  year,  one  in  February  and  the  other  in  July)  describes  a 
rotatory,  and  semi-rotatory,  or  reciprocating  rotatory  engine. 
To  the  rotatory  engine  we  shall  first  direct  the  attention  of 
the  reader. 

c  c  in  the  following  figure  is  a  cylinder  of  any  given 
dimensions,  say  a  foot  deep,  and  three  feet  diameter,  a  is 
an  axle,  passing  through  stuffing  boxes  in  each  lid  or  end 
of  the  cylinder,  i  is  the  piston,  packed  at  the  ends,  which 
rub  against  the  cylinder,  and  at  the  sides  which  rub 
against  the  lids,  which  are  previously  turned ;  the  form  of 
this  piston,  therefore,  is  square,  packed  on  three  sides,  and 
fixed  to  the  axle  a  on  the  fourth,  e  is  a  valve  or  fi^p, 
which  turns  upon  a  joint  or  pivot  f:  the  concave  side  is  a 
segment  of  a  circle  of  the  same  radius  with  the  cylinder* 
Ic  extends  the  whole  length  of  the  cylinder,  is  packed  on 
its  sides,  and  when  shut  back  into  the  cavity  cf,  becomes. 
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as  it  were,  a  part  of  the  cylinder,  completing  the  circle, 
which  is  imperfect  when  the  valve  is  in  its  present  situa- 
tion, jr  IB  the  pipe  for  admiltioff  the  steam  from  the  boiler, 
and  A  the  pipe  for  allowing  it  to  escape  into  the  con- 
denMTi 
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Steam  being  admitted  from  the  boiler  through  g  presses 
equally  upon  a  and  b,  but  e  being  stopped  against  the  axle,  the 
piston  b  recedes  from  the  pressure,  and  turns  the  axle  a  and  a 
heavy  fly  wheel  round  with  it.  The  piston  continues  in 
motion  until  it  comes  in  contact  with  the  lower  side  of  the 
valve  e,  where  it  would  stop,  but  for  the  impetus  of  the  fly 
wheel,  which  urges  it  forward,  and  it  strikes  the  valve  e  into 
the  recess  d,  and  moves  round  until  it  passes  g,  when  the 
valve,  either  by  a  lever  or  by  its  own  gravity,  resumes  its 
present  situation,  and  the  piston  receives  the  action  of  the 
tteam  as  before. 

This  plan,  we  are  informed,  was  never  carried  into  exe- 
cution, and  we  must,  therefore,  as  in  other  instances, 
mdeavour  to  trace  the  objections  from  subsequent  expe- 
lience ;    bat    there    have    been    so    many  schemes  closely 
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resembling  this,  that  these  are  easily  ascertained.  The 
principle  objection  appears  to  be  that  it  would  be  liable 
to  derangement,  as  the  riolence  with  which  the  valve 
would  be  alternately  driven  into  the  recess,  and  upon  the 
axle,  would  speedily  shake  the  machine  to  pieces;  bevides 
which,  it  would  be  impossible  for  the  packing  used  in  the 
reciprocating  engine  to  pass  over  the  pipes  h  g^  without 
being  torn  up  and  rendered  useless.  A  great  waste  of 
steam  must  likewise  take  place  whilst  the  piston  is  passing 
over  the  surface  of  the  valve :  for  at  that  time  the  steam 
pipe  g  has  a  free  communication  witK  the  eduction  pipe  h ; 
and  every  one  acquainted  with  the  subtle  nature  of  steam 
must  be  aware  that  as  much  steam  would  thereby  escape, 
without  producing  any  effect,  as  would  have  been  sufficient  tO' 
work  an  engine  free  from  that  defect  This  last  objection 
might  be  obviated  by  shutting  off  the  steam  during  that  part 
of  the  revolution  ;  but  the  specification  proposes  no  such 
method,  and  we  are  not  authorised  to  make  any  gratuitous 
addition. 

The  serai-rotative  engine  next  comes  under  our  notice. 
d  d  va  the  following  figure  exhibits  the  interior  of  the 
cylinder,  which  is  similar  to  the  last  It  is  likewise  fitted 
with  a  piston  i,  packed  in  the  same  manner,  c  is  a  projec- 
tion of  metal  extending  from  the  circumference  to  the  axle  cu 
Packing  is  introduced  between  this  projection  and  the  axle, 
BO  as  to  prevent  the  steam  from  escaping  between  them. 
ef  are  two  valves  which  admit  steam  from  the  steam  pipe  g 
into  the  cylinder  on  each  side  of  c  alternately,  o  /  are  two 
valves  for  changing  the  direction  of  the  steam :  ij  are  two 
valves  acting  in  conjunction  with  efy  so  as  to  open  or  shut  off 
a  communication  with  the  condensers  /  ib,  through  the  pipe 
h  at  the  proper  time.  Levers  are  attached  to  the  rods  by 
which  these  valves  are  worked,  from  tappets  on  the  pump 
rods  r  q. 

Steam  is  admitted  from  the  boiler  through  the  pipe  g 
into  the  steam  chest,  and  finding  the  valve  f  open,  rushes 
up  the  pipe,  and  so  into  the  cylinder  between  the  piston 
and  stop  c.  The  piston,  receding  from  the  pressure,  drives 
the  air  in  the  cylinder  through  the  other  pipe,   and   down 
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through  the  valte  j,  into  Ihe  condenser,  whence  it  escapes 
by  the  pump  /.  It  continues  revolving,  until  it  comes  in 
contact  with  the  other  side  of  c,  when  it  is  stopped;  but, 
previously  to  this,  the  valves/and  j  have  been  shut  by  their 
respective  levers,  whilst  c  and  t  have  been  opened.  The 
Bteam  has  now  access  through  e  to  the  other  Bii'.<:  of  the 
piston,  and  (urns  it  in  the  contrary  direction ,-  the  steam 
vhich  last  performed  its  office  escaping  down  through  t  to 
(he  condenser.  The  first  operation  b  then  repeated,  re- 
versing the  motion  of  the  piston  as  soon  as,  or  before,  it 
comes  in  contact  with  the  other  side  of  e.  nm  are  two 
toothed  wheels  attached  to  the  axle  a,  which  work,  (as 
>hown)  by  rackii,  the  pump  rods  op,  and  the  smaller  pump 
rods  q  r.  The  former  o  p  are  supposed  to  draw  water  from 
amine,  but  the  smaller  ones  ooly  work  the  condensing 
pomps  i  I. 


<  Watfi  Semi-rotative  Engine.    1782.) 

This  is  really  a  clfiver  machine.  It  was  never,  we 
■nderstand,  carried  into  execution,  but  why,  we  can 
Karcely  tell.     It  would  hardly  be  an  objection  that  the 
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piston  would  strike  against  the  stop  c,  and  thereby  ahahc 
itself  to  pieces  :  for  here,  as  an  equable  motion  ia  not  re- 
quired like  a  rotatory  engine,  the  speed  might  (as  in  all 
pumping  engines  which  were  liable  to  the  same  objection) 
be  gradually  retarded,  so  that  the  impetus  would  be 
destroyed  before  it  came  in  contact  with  the  stop.  Perhaps 
the  most  solid  objection  would  be,  that  of  the  packing 
requiring  more  care  than  a  common  workman,  such  u 
generally  attends  to  steam  engines,  would  be  able  or 
willing  to  bestow  ;  but  if  this  were  found  a  conquerable 
objection,  we  can  scarcely  conceive  a  reason  why  it  should 
not  have  bad  a  fair  trial.  It  would  have  been  extremely 
portable  and  cheap,  would  have  occupied  very  little  room, 
and  the  friction  would  have  been  comparatively  trifling. 

We  now  close  our  descriptions  of  Mr.  Watt's  inven- 
tions by  giving  a  short  account  of  a  Rotatory  Engine, 
included  in  his  patent  of  1784. 

(PIG.  I.)  (FIG.  2.) 


(FiG.  3.) 


(  WatVt  Sotatory  Engine.     1784.) 
Fig.  1.  is  a  ground  plan,  and  fig.  9.  a  vertical  section- 
o  a  13  an  external  cylinder,  or  reservoir,  filled  with  heatej 
water,  quicksilver,  or  an  amalgam  which  would  become 
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flaid  at  the  boiling  point.     6  6  is  an  interior  cylinder  in 
the  middle  of  a  a,  and  turning  upon  a  pivot  o.    A  parti- 
tion, c,  reaches  from  top  to  bottom,  dividing  the  vessel 
into  two  equal  parts,    de  are  two  valves,  allowing  the 
liquid  to  ascend  and  fill  the  interior  of  6  6,  but  preventing 
its  egress  in  that  direction,    fg  are  two  tubes,  or  aper- 
tures, for  guiding  the  escape  of  the  liquid  in  the  direction 
of  the  arrow,    j  is  the  pipe  for  the  admission,  and  k  for  the 
exit  of  the  steam.     The  steam  being  introduced  from  the 
boiler  through  j,  enters  the  cavity  /,  and  passes  on  the 
surface  of  the  water,  driving  open  the  valve  t,  (fig.  1.)  and 
issuing  through  g^  in  the  direction  of  the  arrow,  thus 
pressing  upon  the  body  of  the  liquid  in  the  reservoir,  and 
producing  a  re-action,  which  drives  the  internal  vessel 
round.    When  it  has  performed  nearly  half  a  revolution, 
the  cavity  n  comes  under  the  steam  pass^age.     This  will  be 
understood  better  by  fig.  3 :  pp  is  a  hoop  encircling  the 
upper  part,  or  neck,  of  the  vessel  6  6 ;  /  is  a  hole  in  the 
nde  of  the  vessel  communicating  with  one  side  of  the 
vessel,  and  n  a  similar  hole  communicating  with  the  other. 
It  will  be  seen  that,  at  present,  the  hole  /communicates 
with  J,  and  the  hole  si  with  it,  but,  by  turning  the  vessel 
half-way  round,  their  situations  will  be  reversed ;  I  com*- 
munieating  with  il,  and  j  with  n,  so  that  each  side  is 
successively  exposed  to  the  action  of  the  steam  and  to  the 
condenser.    By  this  means,  therefore,  the  hole  n  is  next  in 
communication  with  the  steam  pipe  j,  and  the  valve  d 
being  shut  by  the  steam  pressing  on  the  surface  of  the 
liquid ;  the  valve  t  is  opened  by  the  same  means,  so  that 
the  liquid  is  forced  with  violence  through  /,  in  the  same 
manner  as  it  was  previously  forced  through  g.    Whilst 
this  operation  is  going  on,  a  vacuum  is  formed  in  the  first 
vessel  (by  /  communicating  with  the  condenser),  so  that  it 
becomes  charged,  and  ready  in   its  turn  to  receive  the 
action  of  the  steam.     When  it  does,  the  first  operation  is 
repeated,  and  a  rotatory  motion  is  kept  up  by  the  alter- 
nate action  of  the  liquid  driving  through  the  cR\ities  fg^ 
in  nearly  the  same  manner  as  the  motion  is  produced  in 
the  well-known  machine  commonly  called  Barker's  Mill, 
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differing  only  thus  : — that  the  water  from  the  latter  acto 
against  the  air,  whilst  this  acts  upon  the  fluid  in  which 
this  is  immersed.  The  motion  is  carried  through  the  top 
of  the  reservoir  a  to  a  stuffing  box  q  (not  shown),  and  at- 
tached to  the  machinery. 

It  appears  this  machine  was  tried,  and  found  to  have 
little  or  no  power,  which,  of  course,  was  the  reason  of  its 
abandonment.  The  cause  of  its  trifling  effect  arises  from 
,  the  force  of  the  escaping  liquid  acting  upon  a  medium 
which  affords  no  solid  resistance,  and  is  therefore  incapa^ 
ble  of  producing  any  powerful  re-action  in  the  machine. 

We  have  always  entertained  an  opinion  that  Mr.  Watt's 
object  in  the  drawing  up  of  his  specifications  was  to  be  as 
obscure  as  possible.  In  this  opinion  we  are  not  solitary; 
as  a  proof  of  which,  we  make  the  following  extracts  from  a 
letter  addressed  to  Sir  J.  Eyre,  then  Lord  Chief  Justice 
of  the  Common  Pleas,  by  Mr.  J.  Bramah,  dated  1797. 

Speaking  of  Mr.  Watt's  first  specification,  on  which  we 
have  already  remarked,  Mr.  Bramah  says,  ^^  In  considering 
the  part  arranged  first  in  this  specification,  I  cannot  ob- 
serve the  words  there  used  create  in  the  mind  of  the  reader 
any  new  idea  respecting  the  construction,  proportion,  or 
office  of  that  part  of  an  engine  properly  called  the  steam 
cylinder.  The  inquirer  is  left  wholly  uninformed  whether 
the  intended  cylinder,  or  steam  vessel,  is  to  be  left  open  at 
top,  and  shut  at  bottom,  or  shut  at  top,  and  open  at  bot- 
tom, or  whether  both  its  ends  are  to  be  alike  shut ;  nor  is 
he  directed  in  what  manner  the  steam  is  to  be  admitted 
into  the  cylinder,  or  in  what  manner  discharged :  there 
being  no  mention  how,  and  in  what  part  of  the  cylinder, 
the  necessary  inlets  and  outlets  are  to  be  contrived,  not- 
withstanding the  essence  of  every  engine  depends  thereon. 
There  is  likewise  no  mention  made  of  the  form  and  action 
of  the  piston,  or  the  method  of  connecting  it  with  the 
external  and  working  parts  of  the  machine,  or  whether 
the  expansive  force  of  the  steam  is  exerted  on  the  upper 
or  under  side  of  the  said  piston,  or  even  whether  there  i» 
a  piston  employed  at  all. 

^^  This  part  of  the  specification  appears  calculated  to 
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mifilead  and  perplex;  and  I  am  fully  persuaded,  were 
these  imperfect  directions  given  to  any  workman,  even  of 
the  most  eminent  knowledge  in  the  art  of  building  engines, 
they  would  tend  directly  to  frustrate  every  regular  step 
necessary  to  be  taken  in  the  progress  of  such  a  work. 

'^  Had  there  been  a  shadow  of  a  guide  introduced  into 
this  mysterious  composition,  an  ingenious  mind  might  have 
accidentally  stumbled  on  the  inventor^s  mark ;  but  it  is  so 
much  the  contrary,  that  every  adventurer  is  constrained  to 
explore  a  way  for  himself,  and  to  wrap  his  cylinder  in  any 
warm  covering  his  powers  of  judgment  may  suggest :  and 
it  is  my  firm  opinion,  that  were  engine  builders  in  general 
left  to  puzzle  out  this  single  circumstance,  ninety-nine 
out  of  every  hundred  would  attempt  a  different  method  of 
accomplishing  the  inventor's  intention ;  and  I  am  likewise 
as  fully  convinced,  that  a  like  proportion  would  finally 
miss  their  aim,  in  spite  of  repeated  efforts. 

^  The  first  thing  which  attracted  my  attention,  when 
inspecting  an  engine  built  by  Mr.  Watt,  was  the  steam 
cylinder,  which  I  observed  shut  at  both  ends,  contrary  to 
that  of  Newcomen,  which  is  always  open  at  the  upper  end, 
whereby  the  atmosphere  acts  upon  the  upper  surface  of 
the  piston,  both  in  its  ascent  and  descent. 

^^  A  slight  pause  on  this  circumstance  soon  presented  to 
my  view  a  total  contradiction  to  the  article  in  Mr.  Watt's 
specification,  denominated /ouWA/jf,  where  he  asserts  that 
'  He  intends,  in  many  cases,  to  employ  the  expansive  force 
*  of  steam  to  press  on  the  pistons,  or  whatever  may  be  used 
'  instead  of  them,  in  the  same  manner  as  the  pressure  of  the 
^  atmosphere  is  now  employed  in  common  fire-engines.* 

^  On  reading  this  paragraph,  every  person  acquainted 
with  Newcomen  will  naturally  ask, — How  can  the  expan* 
sive  force  of  steam  be  applied  to  press  down  the  piston  in 
the  manner  it  is  now  performed  by  the  atmosphere,  which 
requires  the  top  of  the  cylinder  to  be  kept  open  ?  For,  sup- 
pose steam  to  be  poured  on  to  the  top  of  it  instead  of  air, 
where  is  there  any  footing  or  abutment  for  the  re-action 
of  this  expansive  element  ?  I  clearly  perceive,  says  the 
inquirer,  that  the  air  performs  this  office  by  its  gravitating 
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power,  which  requires  no  butment.  Bat  how  can  any 
expansive  force  be  employed  withoQi  it ;  since  it  is  a  law 
of  nature  that  no  force  of  this  kind  can  be  ex<»rted  without 
being  first  prevented  from  expanding  on  th<»  contrary ;  or, 
at  any  rate,  without  having  a  resistance  in  all  directions, 
equal  at  least  to  the  force  of  action  required  ? 

^^  These  reflections,  I  conceive,  would  induce  a  conclu- 
sion, that  the  man  who  proposed  such  a  thing  must  be 
either  a  fool  or  a  madman.     But  to  return — 

^*  On  considering  the  strange  difference  I  saw  in  this 
machine  from  that  of  Newcomen,  I  concluded  in  my  own 
mind  the  following  to  be  the  real  invention  of  Mr.  Watt 
in  the  cylinder  part  of  the  engine.  First, — He  has  com- 
pletely inverted  the  order  of  Newcomen,  by  turning  the 
cylinder  upside  down.  Secondly, — By  making  the  proper 
inlets  and  outlets  for  the  steam,  at  the  upper  instead  of 
the  lower  end  of  the  cylinder.  Thirdly,— The  valves 
used  in  these  inlets  and  outlets,  for  the  purpose  of  admit- 
ting and  shutting  off  the  steam,  and  for  retaining  it  in  the 
cylinder  and  discharging  it,  the  manner  of  giving  motion 
to  them  from  without,  are  very  peculiarly  and  curiously 
contrived,  and  totally  different  from  any  article  ever 
applied  in  Newcomen^s  Engines  for  the  same  purposes ; 
and  these  valves,  &c.  I  observe,  are  made  always  of  brass, 
or  a  mixture  of  copper  and  l>ra8s ;  and  I  cannot  see  of 
what  other  metal  such  very  essential  parts  could  be  made  * 
as  iron  would  soon  rust,  and  in  a  few  weeks  lose  the  per- 
fection requisite  to  keep  them  air  and  steam-tight. 
Fourthly, — I  cast  my  eye  on  a  single  part  of  the  engine, 
and  which  part  not  being  properly  accomplished,  would 
render  finally  abortive  all  the  efforts  it  is  possible  to  make 
in  giving  motion  and  power  to  the  machine. 

^^  This,  my  lord,  is  the  mean  adopted  for  giving  motion 
to  the  external  mechanism  of  the  engine,  by  connecting  it 
with  the  piston,  which  is  here  close  shut  up  in  the  internal 
.  part  of  the  cylinder ;  and,  as  I  have  already  observed,  the 
cylinder  is  placed  with  its  bottom  upwards,  compared  with 
Newcomen*s,  this  connexion  between  the  internal  and 
external    motion    must    of   necessity    be    communicated 
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(ftrough  the  bottom,  which  now  becomes  the  top  of  the 
cylinder.  As  the  entire  effect  of  the  engine  depends  on 
ascertaining  a  method  of  doing  this  completely,  and 
seeming  to  form  a  most  material  part  of  the  whole  inven- 
tion, I  will  be  more  particular  in  describing  it  to  your 
lordship,  and  begin  by  stating  how  thb  was  performed  by 
Newcomen. 

*<  In  all  Newcomen's  engines,  where  the  top  of  the 
cylinder  was  entirely  open,  the  piston  was  connected  with 
the  working  beam  by  a  single  or  double  iron  chain ;  in 
most  cases  double  at  the  upper  end  next  the  beam,  and 
the  lower  end  commonly  formed  a  junction  with  the  pis- 
ton by  an  intermediate  strong  bar  of  iron,  in  some  cases  a 
strong  rod  of  wood  shod  with  iron.  By  this  means,  the 
force  the  piston  received  from  the  pressure  of  the  atmo- 
sphere was  communicated  to  the  beam  above,  and  that  in 
as  rough  a  manner  as  the  workmen  pleased  to  make  it ; 
the  smoothness  and  truth  of  workmanship  being  unneces- 
sary in  this  case. 

^'  But,  only  behold,  my  lord,  the  difference  required  in 
Watt*s  engines  in  this  one  particular  I 

^  The  above  two  motions  are  to  be  connected  by  means 
of  a  rod  or  other  contrivances,  (for  a  chain,  &c.  will  nojt 
answer  here,)  which  must  not  only  pass  through  an  aper- 
ture in  the  cap  or  top  of  the  cylinder,  steam  and  air-tight, 
but  this  aperture  is  required  to  be  kept  thus  close  during 
every  stroke  the  engine  makes. 

^^  This  cannot  fail  of  striking  your  lordship  in  a  serious 
point  of  view;  and,  from  what  has  been  said,  it  must 
involve  a  conclusion  in  your  mind,  that  this  part  is  one 
grand  essential,  if  not  the  most  so,  of  any  in  the  machine; 
as  the  smallest  imperfection  here  will  admit  the  air  when 
the  vacuum  is  made,  and  thereby  completely  stop  the 
/engine. 

'^  Having  thus  prepared  your  lordship,  I  will  now  de- 
scribe that  which  Mr.  Watt  should  have  done,  t.  e.  the 

m 

manner  in  which  the  internal  piston  is  connected  with  tho 
working  beam  without. 
^  This  is  by  an  iron  rod  of  a  sufficient  diameter^  turned 
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and  otlierwise  worked  so  as  to  be  perfectly  smooth  and 
parallel  from  one  end  to  the  other,  and  of  a  length  suffi- 
cient to  allow  the  full  stroke  of  the  piston  within ;  and  I 
think  it  necessary  to  remark,  that  if  in  this  rod  there 
should  be  the  smallest  rag  or  flaw,  it  is  totally  unfit  for 
its  purpose,  for  reasons  that  will  appear  hereafter.  And  I 
am  certain,  from  my  own  knowledge,  that  Mr.  Watt,  in 
his  first  outset  on  this  business,  found  more  difficulty  in 
procuring  these  rods  in  all  respects  perfect,  than  he  would 
have  done  in  constructing  all  the  parts  of  Newcomen^s 
engine ;  although  this  article,  like  the  rest,  is  not  mention- 
ed in  his  specification. 

'<  Fifthly, — I  shall  proceed  to  explain  to  your  lordship 
a  circumstance  in  this  part  of  the  engine,  in  my  opinion, 
as  material  and  of  equal  consequence  with  the  preceding, 
or  any  other  article  in  the  machine.  This  is,  the  method 
of  rendering  the  aperture,  through  which  the  piston  rod 
passes,  constantly  air  and  steam-tight;  notwithstanding 
the  said  rod,  in  many  engines,  slides  through  this  aperture 
DO  less  than  three  hundred  and  twenty  feet  per  minute, 
during  the  time  they  work. 

^*  This  junction  or  aperture  is  a  very  ingenious  contri- 
vance, and  is  called  a  stuffing  box ;  it  is  a  part  formed  in 
the  centre  of  the  cap  or  top  of  the  cylinder ;  and  is  a  kind 
of  cylindrical  box,  of  about  six  or  eight  inches  deep,  made 
of  iron.  The  upper  part  of  this  box  is  considerably  wider 
than  the  diameter  of  the  piston  rod  above-mentioned ;  and 
the  bottom  or  lower  part,  next  the  inside  of  the  cylinder, 
is  made  exactly  to  fit  the  said  rod.  From  this  part,  for  a 
small  distance  upwards,  the  box  is  turned  in  a  conical 
form,  so  as  to  make  a  chamber  exactly  in  the  shape  of  a 
snuff  mill;  at  the  top  of  this  conical  part  is  turned 
rebate  or  seat,  into  which  is  fitted  a  brass  or  iron  ring,  the 
extreme  circle  of  which  exactly  fits  the  cylindrical  part 
above  the  conical  part  described.  This  conical  chamber 
is  then  filled  with  hemp  or  junk,  so  as  to  surround  the  pis- 
ton rod  on  all  sides ;  and  being  secured  down  by  the  brass 
or  iron  ring  above-mentioned,  causes  the  rod  to  slide  steam 
and  air-tight.   But  the  quantity  of  rub  which  is  constantly 
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OR  tills  part,  and  the  nice  perfection  required,  soon  dis- 
covered the  want  of  some  farther  help ;  and  somethin|[ 
similar  to  the  means  just  treated  on  for  keeping  the  pistot 
tight,  suggested  itself  at  an  early  period  of  Mr.  Watt's 
experiments,  which  is  effected  as  follows  :«- 

^^  In  the  cylindrical  part  of  the  box  is  turned  another 
rebate,  about  an  inch  more  or  less  above  the  ring  which 
secures  the  lower  packing;  and  into  this  rebate  is  also 
fitted  a.  ring  as  before,  which  causes  a  space  between  it 
and  the  lower  ring«  Then  above  the  upper  ring  is  turned 
another  cylindrical  part  like  the  former,  having,  of  neces- 
sity, a  greater  diameter.  This  conical  chamber  is  likewise 
packed  with  hemp,  junk,  &c»  and  this  packing  also  fas- 
tened down  by  means  of  a  ring,  rather  more  in  a  plug 
form,  and  so  contrived  as  to  admit  of  being  screwed  down 
at  pleasure,  for  the  purpose  of  compressing  the  packing  as 
worn  away  by  the  friction  of  the  rod.  ^Fhe  stuffing  box 
completed,  a  small  tube  is  inserted  by  one  of  its  ends  at 
the  side  of  the  said  box,  so  as  to  communicate  with  the 
open  space  comprehended  between  the  rings.  The  con- 
trary end  of  this  tube  is  joined  to  the  steam  pipe  or  boiler, 
where  the  steam  is  always  active ;  and  by  this  means  a 
constant  supply  of  steam  is  thrown  into  the  space  afore- 
said, which  steam  preserves  the  rod  air-tight,  being  kept 
as  strong  or  stronger  than  the  pressure  of  the  outward  air. 
Thus  the  steam  here  does  the  office  of  water,  &c.  on  the 
piston  of  the  engine,  when  the  packing  becomes  rather  in- 
sufficient. 

'*  I  think,  my  lord,  I  need  not  say  more  on  this  point,  to 
prove  the  necessity  of  a  full  and  clear  specification  ;  and 
the  practicability  of  giving  one,  had  there  been  a  willing 
mind. 

"  Sixthly, — I  observe  the  lower  end  of  the  steam  cylin- 
der to  be  also  closed,  and  that  the  steam  has  alternate 
communication  with  the  cylinder  above  and  below  the 
piston,  just  contrary  to  that  of  Newcomen. 

"  To  detail  the  true  nature  of  all  this,  would  be  tire- 
some to  your  lordship ;  and,  as  Mr.  Watt  has  not  done  it^ 
1  shall  decline  doing  it  for  him,  though  certainly  well  able> 

5.  N 
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**  Seventhly, — I  come  to  what  are  culled  condieYiRei^.  On 
tnis  part  of  the  subject  I  aiti  almost  ptizzled  what  to  say. 
From  the  specification,  I  can  nay  nothing;  fhom  tlie  en- 
gines, they  have  been  made  in  ail  forms  ^  and  *hat,  by 
changing  about  and  mixing  the  knowledge  of  every  person 
in  his  way  for  twenty  years  at  least,  Mr.  Watt  had  been 
taught  what  is  the  teal  fact,  and  what  they  confessred  to  be 
so  on  the  lute  trial,  namely,  that  no  condensers  are  neces- 
sary, but  that,  which  Newcomen  calls  the  eduction  pipe, 
and  in  which  the  condensation  is  performed  by  a  jet  of 
cold  water,  answers  the  same  purpose  equally  well. 

"  Then  it  appears,  my  lord,  that  tw^enty  years'  exercise 
of  the  superior  abilities  of  Mr.  Watt,  with  the  help  of  all 
lie  could  gain  iVoln  the  knowledge  and  practice  of  other 
men,  and  tlie  assistance  he  received,  through  the  space  of 
six  years  more,  from  Professor  Robinson,  Dr.  Roebuck, 
Mr.  Cummings,  and,  no  doubt,  many  others,  eminent  in 
the  theory  and  practice  of  th^  arts,  was  only  to  prove 
what  I  said  before  they  acknowledged  ft,  that  all  conden- 
sers do  more  harm  than  good;  and  that  when  men  of 
better  judgment  have  constructed  engines  totally  without 
condensers,  as  good  or  better  than  their  own,  they  have 
just  candour  enough  to  admit  the  fact,  and  pride  and  ava- 
rice enough  to  claim  them  as  their  invention. 

"  There  is,  as  your  lordship  has  been  abundantly  in- 
formed, a  Valve  placed  in  the  passage  allotted  to  conduct 
the  steam,  water,  tec.  from  the  cylinder  to  the  condensfer, 
which  alternately  opens  and  shuts  this  communication.  I 
have  to  remark  that,  when  the  steam  regulator,  as  in 
Newcomen's  engine,  opens  to  the  cylinder,  and  at  the 
same  time  causes  the  "first  jet  of  steam  to  discharge  the 
water  and  air  as  above  described,  this  valve  in  Mr.  Watt^ 
engine  is  then  open  to  the  condenser;  atid,  tr&s  there 
nothing  else,  the  steam  would,  ad  well  as  act  t>n  the  pis* 
ton,  fly  to  the  condenser,  and  being  there  destroyed  at 
that  end,  if  I  may  so  say,  would  not  move  the  piston  at 
all ;  it  was  therefore  necessary  for  Mr.  Watt  to  introduce 
another  valve,  which  he  has  done.  But  certain  reasons, 
bcsi  known  to  himself,  which  the  writer  of  this  will  not 


pMtwd  to  suggest,  lAcfoitQd  bin  to  omit  giviag  yoor  lord- 
9bip  and  the  court  lui  account  qf  it,  though,  as  I  have 
already  iialed>  on  the  other  valve  his  comisel  were  very 
profuse. 

^^ThiB  cuDoisg  valve^  my  Icypd,  is  lik^  the  injection 
water,  tmnggled  inte^  asotbe^  part  of  the  eogine,  and 
serves,  as  ia  the  preeediiig  case,  to  open  and  shut  a  oonv 
miMiicatiou.  It  kfipemh  however,  not  to  be  the  coiamu- 
nicatioD  between  the  oylinder  ai^d  Uie  condenser,  but, 
what  18  of  much  greater-  Qofi^qKence,  it  opens  and  shuts 
the  paesage  between  tho  boil^  ajid  the  condenser.  I  hav^ 
materially  to  resoark  to  your  lordship  respecting  this 
valve,  that  it  must  be  and  19  always  shut  during  the  tlqse 
the  steam  regulator  is  open.  How,  then,  is  it  possible,  my 
lord,  that  this  condenser  can  be  cleansed  as  in  New^ 
comen^s,  provided  even  the  former  objections  did  not 
exist? 

'^  Thus,  havipg  aimed  at  as  much  perspicuity  bh  posaibloi 
I  hope,  and  am  even  confident,  that  your  lordship,  although 
no  engineer,  will  perfeetly  understand  what  I  have  ad«> 
vanced,  and  be  convinced  of  the  necessity  and  practicabi* 
lity  of  giving  a  full  and  explicit  description  of  this  point 
also.  I  shall  now  proceed  as  proposed,  with  some  detail 
on  the  nature,  proportion,  and  situation  of  Mr.  Wood's 
very  ingenious  and  valuable  application  of  a  pump,  or 
pumps,  for  the  extraction  of  the  water  and  uncondense4 
vapour,  which  would  otherwise  much  impede  the  work* 
ing  of  the  engine,  as  Mr.  Watt,  for  a  wonder,  has  had  the 
candour  to  declare  in  his  specification* 

^^  I  will  here  entreat  your  lordship's  patience,  while  I 
make  a  solemn  protestation.  I  declare,  and  I  chs^Uenge 
every  scientific  man  to  disprove  it,  that  all  the  improve* 
meats  which  have  yet  fallen  within  my  observation  on 
Steam  Engines,  do  wholly  depend  on  the  application  of  * 
Mr<  Wood's  invention,  viz.  a  pump ;  or,  I  will  at  least 
say,  in  a  proportion  of  fifty  to  one,  compared'  with  the 
other  additions  made  by  Mr.  Watt,  with  all  his  retinue  of 
doctors,  professors,  philosophers,  mathematicians,  and  mer 
cluuuos 
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*^  Now  for  this  pump,  the  ingenious  invention  of  Mr. 
Wood.  I  repeat  his  name,  as  your  lordship,  having 
heard  less  about  this  pump  on  the  present  than  on  Conner 
occasions,  might  be  at  a  loss  to  judge  the  cause  of  this 
declension,  and  on  this  account  I  shall  be  more  plain  on 
the  subject.  Much  pains  were  taken  on  this  trial  to  con- 
¥ince  the  coort  that  proportiion,  lateral  and  altitudal 
situation,  did  not  at  all  or  not  esaentvally  signify :  I  will 
therefore  confine  what  I  have  to  say  more  directly  te 
these  points,  with  a  small  digression  only  to  consider,  as 
in  the  case  of  Mr.  Gitty,  some  remarks  from  the  eminent 
and  iageniouB  Mr.^  Cummings,  respecting  this  im^portant 
article. 

^^  My  experience,  my  lord,  obliges  me  to  allow,  that 
when  a  pump  is  introduced,  or  added  to  one  of  Newco- 
men's  engines  where  there  is  no  condenser,  a  trifling 
latitude  ip  the  size,  over  and  above  the  real  maximum^  is 
of  little  moment,  and  may  be  exercised  without  much 
detriment  to  the  engine;  but  I  find,  the  closer  we  adhere 
to  the  smallest  that  is  sufficient,  the  less  the  power  of  the 
engine  is  impeded  by  giving  it  motion. 

^^  As  the  actual  proportion  the  pump  ought  to  have 
been  to  the  cylinder  must  be  the  result  of  duly  considering 
the  engine  both  in  a  perfect  and  less  perfect  air-tight 
state,  I  win  leave  every  engineer  to  study  for  himself,  as 
Mr.  Watt  has  done,  and  hasten  to  give  ray  reasons  why 
pumps,  constructed  without  regard  to  proportions.  Sic.  as 
above  mentioned,  will  not  answer  in  engines  made  with 
condensers. 

'*  Suppose,  my  lord,  I  constructed  an  engine  on  the  plan 
of  Mr.  Watt,  with  a  steam  cylinder  exactly  equal  to  ono 
of  Newcomen,  to  which  I  have  annexed  a  pump  of  proper 
size ;  I  should  be  very  naturally  led  to  make  this  seccnd 
one  from  the  same  patterns ;  experience  having  shown  me 
the  propriety'  of  its  dimensions,  and  to  save  also  the  ex- 
pense of  new  patterns,  tools,  &c.  This  done,  I  come  to 
determine  the  size  of  mv  condenser.  If  I  be  at  a  loss  in 
this,  1  go  to  Mr.  Watt's  specification  ;  there  I  find  not  a 
word  to  help  me.     I  then  post  ofi*,  perhaps  from  Mauchcs 
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ter  to  Cornwall,  to  see  a  condenser ;  when  I  eome  there, 
I  traverse  the  whole  County  in  the  character  of  a  spy, 
and  none  will  even  permit  me  to  enter  their  works,  (and 
should  I  intrude  without  a  licence,  I  should  soon  get 
myself  expelled,)  much  less  stop  the  engine,  and  disorga- 
nize the  whole,  to  give  me  the  knowledge  I  am  seeking* 
My  own  reason,  by  this  time  more  awake,   makes  this 
inference:  that,  provided  I  did  succeed  in  meeting  with  a 
person  friendly  enough  to  suffer  my  scrutiny,  I  roust  of 
course  pay  the  loss  accruing  from  such  an  enterprise, — and, 
for  an  idea  of  this,  I  will  refer  your  lordship  to  the  obser- 
vations already  made  on  stopping  engines.     Just  as  wise, 
therefore,  as  when  I  started,  I  post  back  to  Manchester, 
resolved  to  make  a  condenser  of  some  sort.     I  begin  by 
reflecting,  not  on  the  thing,  for  I  know  not  what  it  is,  but 
on  its  reputation ;  and  if  I  chanced  to  recollect  the  high 
encomiums  it  received  in  the  Courts  of  Westminster  and 
London,  I  should  be  led  to  conclude,  that  were  my  engine 
all  condenser,  I  could  not  fail  of  being  on  the  right  side 
of  the  question.     Thus  I  determine  my  condenser  shall  be 
(what  I  have  seen  some  made  by  Mr.  Watt,  at  the  Soho, 
Birmingham,)  as  large,  or  considerably  larger  than  the 
steam  cylinder  of  the  engine  for  which  it  is  intended. 
This  would  be  at  least  twelve  or  twenty  times  the  dimen- 
sions of  my  pump, — but  say  twelve  times,  for  the  sake  of 
data;  and  suppose  the  engine  completed,  and  ready  for 
action :  the  consequence  of  this  I  will  endeavour  to  make 
plain   to  your  lordship.      When    the  engine    has  been 
emptied  of  her  air,   and  also   the  condenser,  by   what 
Mr.  Watt's  engineers  call  blowing  through,  the  steam 
valve  is  opened,  and  the  piston  makes  a  stroke ;  then  the 
discharge  is  made  from  the  cylinder  fo  the  condenser  by 
opening  another  valve.     Now,  let  it  be  supposed  that  the 
uncondensible  air  or  vapour  which  then  fills  the  condenser, 
and  is  to  be  drawn  out  by  a  pump  unequal  in  expansive 
force  to  one-twelfth  part  (and  it  is  seldom  less)  of  the 
steam's  pressure  on  the  piston.    The  air  pump,  which,  I 
have  already  said,  is  only  one-twelfth  part  of  the  contents 
of  this  condenser,  makes  one  stroke  also  ;  but  by  this  the 
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expa»9ive  force  of  the  vapour  can  oi^ly  be  reduced  one 
twelfth  part^  for  it  must  take  twelve  strokes  of  (his  puaip 
to  reduce  the  vapour  iu  the  condenser  to  its  least  deii&ity  | 
mid,  couscH^uently,  there  will  remain  a  resistance  to  the 
second  stroke  equal  to  +1  of  {he  forc;e  of  the  vapour  men- 
tioned; and  to  the  next  stroke  ff,  and  every  continued 
stroke  in  this  proportion;  so  that^  in  about  thirteen 
strokes,  this  air  and  vapour  would  inevitably  become  as 
strong  in  the  condenser  as  the  steam;  and,  by  thus  restor- 
ing the  equilibrium,  of  necessity  stop  the  engine,  although 
bhe  had  nothing  but  her  own  materials  to  carry,  and  those 
void  of  friction." 

Making  due  allowance  for  the  prejudiced  feeling  with 
which  the^e  remarks  of  Bramah's  were  written,  arising 
from  the  successful  rivalry  of  Watt,  our  readers  will  find 
much  interesting  information  contained  in  them.  They 
show  clearly  the  insuiiiciency  and  obscurity  of  the  specific 
Ciition  in  question. 

Yet  Mr.  Watt  was  a  truly  wonderful  man.  His  ideas 
were  great)  and  many  of  his  discoveries  were  successful 
beyond  all  previous  conjecture.  He  has  done  more  for 
avt  and  commerce  than  any  single  individual  ever  known; 
but,  whilst  we  admit  all  this,  we  must  also  say,  few  men 
would  have  put  their  names  to  many  of  the  inventions 
which  appear  under  his.  All  m^n  have,  at  times,  made 
discoveries,  which  they  imagine  to  be  excellent,  but 
which  prove  otherwise:  but  few  have  put  upon  record  so 
many  absurd  and  impracticable  schemes.  What  are  we  to 
say  to  hiy  many  rotative  engines ;  to  his  six  contrivances  for 
regulating  the  motion  of  his  engines;  to  his  method  of  work- 
ing engines  by  the  alternate  expansion  and  contraction  of 
the  steam  ?  We  answer,  that  the  majority  of  them  were 
impracticable,  and  some  of  them  the  most  contemptible 
schemes  that  ever  entered  the  brain  of  a  projector.  His 
mind  seems  to  have  been  capable  of  any  thing;  but  he  was 
too  inactive  both  in  body  and  mind  to  set  about  satisfying 
himself  of  the  true  value  of  his  inventions.  Many  years 
elapsed  before  he  submitted  his  great  scheme  to  the  test  of 
experiment ;  and,  when  the  means  v:ere  afforded,  it  was 
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three  years  before  the  experiment  was  completed.  Long 
intervals  passed  over  between  his  visits  to  Soho^  even 
when  many  of  Us  mo«t  important  experiments  were  in 
progress.  We  cannot  think  with  Playikir  thai  ^^he  never 
went  either  before  or  beyond  the  direct  inference  which 
could  he  drawn  from  an  experiment;  or  that  so  i^reat  was 
his  sagacity,  that  few  bearings  of  that  experiment  were 
omitted  or  overlooked.**  We  have  shown^  on  the  con- 
trary, that  not  one  half  of  his  schemes  answered,  and  tk«t 
he,  like  all  men,  was  liable  to  misconception  and  error. 
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From  a  wish  to  keep  our  description  of  Mr.  Watt*s  dis- 
coveries  as  connected  as  we  could,  we  have,  until  now, 
passed  over  the  invention  of  Mr.  Jonathan  Hornblower,  of 
Penrhyn,  Cornwall,  for  which  a  patent  was  taken  out  in 
1781.  A  fall  and  detailed  description  is  to  be  found  in  the 
first  edition  of  Gregory's  Mechanics.  The  following  is  a 
copy  of  his  specification :— * 

^^  First, — 1  use  two  steam  vessels,  in  which  the  steam  is 
to  act,  and  which  in  other  steam  engines  are  called  cylia*- 
ders«  Secondly, — I  employ  the  steam,  after  is  has  acted 
in  tlie  first  vessel,  to  operate  a  second  time  in  the  other,  by 
permitting  it  to  expand  itself,  wkich  I  do  by  troanecting 
the  vessels  together,  and  forming  proper  cbaanels  and 
apertures,  whereby  the  steam  shall,  occasionally,  go  in 
and  out  of  the  said  vessels.  Thirdly, — I  condense  the 
steam  by  causing  it  to  pass  in  contact  with  metallic  sub* 
stances,  while  water  is  applied  to  the  opposite  side. 
Fourthly, — to  discharge  the  engine  of  the  water  employed 
to  condense  the  steam,  I  suspend  a  column  of  water  in  a 
tube  or  vessel  constructed  for  that  purpose,  on  the  princi- 
ples of  the  barometer,  the  upper  end  having  open  commu- 
nication with  the  steam  vessels,  and  the  lower  end  being 
immersed  in  a  vesael  of  water.  Fifthly, — to  discharge  the 
air  which  eaters  the  steam  vessels  with  the  condensing 
water  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
whence  it  is  protruded  by  the  admission  of  eteam.  Sixthly. 
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— that  the  condensed  vapour  shall  not  remain  in  the  ^tean 
vessel  in  which  the  steam  is  condensed,  I  collect  it  into 
another  vessel,  which  has  open  communication  with  the 
steam  vessels,  and  the  water  in  the  mine,  reservoir,  or 
river.  Lastly, — in  cases  where  the  atmosphere  is  to  be 
employed  to  act  on  the  piston,  I  use  a  piston  so  constructed 
t^s  to  admit  steam  round  its  periphery,  and  in  contact  with 
the  sides  of  the  steam  vessel,  thereby  to  prevent  the  exter- 
nal air  from  passing  in  between  the  piston  and  the  sides  of 
the  steam  vessel.*' 

This  patent,  like  Mr.  Wati's,  conveys  no  idea  of  either 
form  or  dimensions ;  and  we  must  therefore  have  recourse 
to  other  sources  for  more  particulars  respecting  it.  An 
enlarged  account  was  inserted  in  ^^  Gregory's  Mechanics,** 
but  was  afterwards  omitted  by  the  author,  who,  in  a  sub- 
sequent edition,  makes  the  following  remarks  thereon. — 
'^  As  I  have  been  exposed  to  much  calumny  and  misrepre- 
sentation for  admitting  that  historic  sketch  into  my  work, 
I  beg  to  remark  that  1  did  it  solely  from  motives  of  bene- 
volence. Till  the  time  my  second  volume  was  preparing 
for  the  press,  I  knew  nothing  of  Mr.  Hornblower  ;  but  a 
friend  of  mine,  on  whose  judgment  I  placed  great  reliance, 
who  was  well  acquainted  with  Mr.  Hornblower,  and 
thought  highly  of  his  moral  character,  as  well  as  of  his 
mechanical  skill,  had  a  full  persuasion  that,  through  a 
series  of  unfortunate  circumstances,  he  had  never  had  jus- 
tice done  him,  and  urged  me  to  allow  Mr.  Hornblower  to 
tell  his  own  story.  I  yielded  to  his  solicitations,  and  in 
consequence  exposed  myself  to  the  malevolence  of  certain 
writers,  who,  in  one  short  note  of  ten  lines,*  published 
four  positive,  wilful  falj^ehoods,  for  the  honourable  pur- 
pose of  injuring  my  reputation.  I,  however,  forgive  them, 
although  they  treated  me  unjustly;  and  trust  they  will, 
ere  now,  have  forgiven  me  for  permitting  an  injured, 
though  perhaps  hasty,  man,  to  defend  his  own  cause  and 
that  of  his  family.  He  is  now  beyond  the  reach  of  those 
who  wished  to  promote  his  welfare,  as  well  as  of  those  who, 

*  — — ^ ■ _  ■       -  ,  -       ^_  - ^ 

*  Kdinburgh  Review,  toI.  xiii.  p.  8i7. 
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by  uafuriy  deprectaling  hu  eharader,  iiwolved  him  in 
ain.  His  latter  years  were  rendered  comfortable,  not  by 
lie  liberality  of  his  countrymen,  but  by  an  opulent  and 
tientific  SwedCj  who  knew  how  to  appreciate  and  to 
reward  his  merit  as  an  engineer. 

^  The  principle  of  Hornblower^s  engine  depended  on 
bis  obtaining  more  power  by  a  complicated  force  of  steam 
than  could  be  acquired  by  its  simple  action  in  the  common 
mode.  This  is  effected  by  the  use  of  two  cylinders  of 
different  capacities;  and  Mr.  Hornblower,  after  inqui- 
ring into  the  effect  of  using  steam  according  to  each  of 
these  modes,  compares  the  results  together  as  follows.  ^  If 
^  we  obtain  the  accumulated  pressure  by  taking  a  mean  of 
'  the  extremes,  we  shall  find  Mr.  Watt's  application  to  be 
<**^*Sir20,  leaving  12  lbs.  at  the  termination  of  the  stroke. 
^  The  application  of  the  principle  in  the  present  instance, 
'  by  taking  the  mean  of  the  two  extremes,  will  be^^Sl^ 
^  leaving  18  at  the  termination  of  the  stroke ;  which,  in 
^  point  of  advantage,  in  favour  of  the  double  cylinder,  is 

*  as  3  to  S ;  a  point  of  no  small  magnitude  in  the  practical 
^  application  of  this  principle,  and  which  seems  to  have 
^  been  overlooked  by  all  those,  who  have  taken  up  the 

*  subject.* '' 

The  following  description  of  this  engine,  (written  by  the 
inveiitor,)  is  copied  from  the  ^^  Encyclopedia  Britannica/^ 
Let  A  and  B  represent  two  cylinders,  of  which  A  is  the 
largest ;  a  piston  moves  in  each,  having  their  rods,  C  and 
D,  moving  through  collars  at  E  and  F.  These  cylinders 
may  be  supplied  with  steam  from  the  boiler,  by  means  of 
the  square  pipe  G,  which  has  a  flange  to  connect  it  with 
the  rest  of  the  steam  pipe.  This  square  part  is  represented 
as  branclihig  off  to  both  cylinders  :  c  and  d  are  two  cocks, 
which  have  handles  and  tumblers  as  usual,  worked  by  the 
plug-beam  W.  On  the  foreside  of  the  cylinders  is  repre- 
sented another  communicating  pipe,  whose  section  is  also 
sqnare,  or  rectangular,  having  also  two  cocks,  a,  b  ,  The 
pipe  Y,  immediately  under  the  cock  6,  establishes  a 
commanication  between  the  upper  and  lower  parts  of  the 
cylinder  B,  hy  opening  the  cock  fr.  There  is  a  similar  pipe 

5.  ^ 
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on  the  otber  side  of  tke  cylindei'  A,  iuneduilelf  iiiMl«r  tb« 

«OGkd. 


iHomblower'a  Eagme.     1761.) 

When  the  cocks  c  and  a  are  open,  and  the  coeks  b  and 
d  are  shut,  the  steaffl  from  the  boiler  faaa  free  adiatssion 
into  tbe  npper  part  of  the  small  cylinder  B,  and  Vhe  steam 
from  the  lower  part  of  B  has  free  admission  into  the  upper 
part  of  the  great  cylinder  A  ;  but  the  upper  part  of  each 
cylinder  has  no  Communication  with  its  lower  part. 

From  the  bottom  of  the  great  cylindw  proceeds  the 
eduction  pipe  K,  having  a  valve  at  its  opening  into  tbe 
cylinder  ;  it  ther  bends  doffUfrards,  and  is  connected  with 
the  condenser. 
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Lastly,  dM  pamp^rods  cause  the  outer  ead  of  the  beam 
to  preponderate,  so  that  the  quiescetat  positiou  of  the  beam 
is  that  represented  io  the  figure^  the  ptstons  being  ai  the 
top  of  the  cylinder. 

Buppeoo  all  the  cocfas  open,  and  steam  coming  in  copi« 
ovsly  fixND  the  boiler,  and  no  condeosation  going  on  in  JL, 
the  ateam  arast  drive  out  all  (he  air,  and  at  last  foUov  it 
through  the  vaire  Q.  Now  shut  the  icocd&s  6  and  df,  and 
Qf&k  the  escape  iralve  of  the  eondenser ;  the  condensation 
will  immediately  commence,  and  draw  off  the  steam  from 
the  lower  part  of  the  great  cyliader.  There  is  now  no 
pressure  on  the  under  side  of  the  piston  of  the  great 
cylinder  A,  and  it  immediately  descends.  The  communi- 
cation T,  between  the  lowicr  part  of  the  cylinder  B,  and 
the  upper  part  of  the  great  cylinder  A,  being  open,  the 
steam  will  go  from  the  lower  part  of  B,  into  the  space 
IcA  by  ibe  descent  of  the  piston  of  A.  It  OMist,  therefore, 
expand,  and  its  elastioiity  must  diminiib^  and  will  no  loi^^er 
balance  the  pressure  of  the  stteaw  coming  from  the  boiler^ 
and  pressing  above  the  piston  of  B. 

This  piston,  therefore,  if  not  withheld  by  the  beam, 
would  descend  till  it  came  in  ei^uilibrio,  from  having  ateam 
of  eqi^  density  above  and  below  it.  But  it  cannot  de« 
scend  so  fast ;  for  the  cyiiflder  A  is  larger  than  B,  adptd  the 
arch  of  the  beam,  at  w^ich  Abcigreat  piston  is  suspended, 
is  no  longer  than  the  arm  which  supports  the  piston  ^f  B  : 
therefore^  when  the  piston  of  B  has  descended  as  far  as 
the  beam  will  permit  it,  the  steam  between  the  two  pistons 
occupies  |L  larger  apace  than  it  did,  when  both  pistons  were 
at  the  top  of  their  cylinders,  and  its  density  diminishes  as 
its  bvlh  increases.  The  steam  beneath  the  small  piston  is, 
therefore,  not  a  balance  for  the  steam  on  the  upper  side  of 
the  same,  and  the  piston  B  will  act  to  depress  the  beam 
with  all  the  diSMrence  of  these  pressures. 

The  slightest  viewiof  the  subject  must  show  the  reader, 
that  as  the  piston  'descends,  the  steam  that  is  between  them 
wiU  grow  continually  rarer  and  less  elastic,  and  that  both 
pistons  will  draw  the  ibeam  downwards.  Suppose  now, 
that  each  one  had  reached  the  bottom  of  its  cylinder:  shut 
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the  cock  a,  and  the  edaction  valve  at  the  bottom  of  A,  and 
open  the  cocks  b  and  d*  The  communication  being  now 
established  between  the  upper  and  lower  part  of  each  cy-» 
Under,  their  pistons  will  be  pressed  eq  ually  on  the  upper  and 
lower  surfaces ;  in  this  situation,  therefore,  nothing  hin- 
ders^ the  counterweight  from  raising  the  pistons  to  the  top^ 

Suppose  ttem  arrived  at  the  top  :  the  cylinder  B  is  at 
this  time  filled  with  steam  of  the  ordinary  density,  and 
the  cylinder  A  with  as  equal  absolute  quantity  of  steam^ 
but  expanded  into  a  larger  space.  Shut  the  cocks  b  andc!, 
and  open  the  cock  a,  and  the  eduction  valve  at  the  bottom 
of  A,,  the  condensation  will  again  operate,  and  cause  the 
pistons  to  descend ;-  and  thus  the  operation  may  be  re- 
peated as  long  as  steam  is  supplied  ;  and  one  measure-full 
of  the  cylinder  B  of  ordinary  steam  is  expended  during 
each  working  stroke. 

Professor  Robinson's  mathematical  investigation  of  the 
principles  of  this  engine  is  extremely  interesting.  He 
demonstrates  that  the  same  effect  only  is  produced  as  io 
Mr.  Watt's  expansion  engine.  We  shall  endeavour  to 
show  the  same  by  an  arithmetical  calculation,  as  it  will  be 
thereby  more  generally  comprehended. 

We  shall  assume,  for  the  sake  of  being  more  s^^ 
intelligible,  that  the  cylinders  are  placed  one 
above  the  other,  9»  represented  in  the  margin, 
the  lower  one  being  twice  the  area  of  the  upper 
one,  and  the  pistons  connected  by  one  rod ;  so 
that  the  external  apparatus  shall  be  at  all  times 

actuated  by  the  united  force  exerted  on  both    ^ , 

pistons.  I  I 

We  shall  imagine  the  small  piston  to  be  100  inches  in- 
area,  and  the  larger  one  200  inches;  and,  assuming  the 
pressure  to  be  10  lbs.  on  the  inch,  the  pressure  on  the 
smaller  piston  will  be  1000  lbs,,  whilst  that  of  the  larger 
will  be  2000 lbs. 

Both  pistons  being  at  the  top  of  their  respective  cylin- 
ders, let  steam  be  admitted  of  the  abovenamed  density. 
The  stroke  will  then  be  commenced  with  a  force  of  about 
2000  lbs.  (not  deducting  friction,)  because  we  have,  in  the 
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outset,  the  whole  force  of  the  larger  piston,  beneath  which 
there  is  no  resistance  of  its  action ;  but  the  smaller  piston, 
having  steam  of  the  pressure  above  as  well  as  below  it,  is 
in  equrlibrio.  But,  asthe  pistors  descend,  the  power  of 
the  greater  one  decreases,  by  the  reduced  resistance  from 
the  expansion  of  the  steam  contained  between  the  two 
pistons^  whilst  the  power  of'  the  smaller  is  increased  by 
the  steam  from  the  boiler  continuing  to  act  on  it  with  the 
force  of  10  lbs.  on  the  inch,  whilst  the  steam  underneath  it 
is  gradually  expanding  into  the  larger  cylinder,  and  con* 
sequently  becoming  reduced  in  its  density*  The  following 
table,  extracted  from  Rees's  Encyclopaedia,  will  show  the 
variations  in  the  power  at  certain  parts  of  the  stroke. 


n—LfcuJIiifr  powir  of  tiM  grtmt 
pisCos* 


At  first,  the  power  will  be  8000 
lo  coBiequcDce  of  the  prearare 
•f  10  lbs.  per  Inch  on  iu  npner 
and  no  pressare  be- 


At  one-foDrth  of  the  descent 
tlie  power  will  have  di- 
DiiDished  by  reg^alar  de- 

crements  to   1600 

Becaase  tbe  steam  between  the 
two  pistons  most  occupy  (efas  of 
tbe  smaller  cylinder,  and  ^th  of 
ibe  great  cylinder,  wbich  is  a 
f  pace  eqnal  to  1  and  |th  of  the 
ori|>iDai  space  which  it  filled ; 
thfrreCore,  the  space  will  be  as 
S  to  4,  and  if  the  density  be  as 
the  InTene  proportion  of  the 
space,  the  pressure  on  the  i^reat 
piston  mnst  be  {  of  2000— 1600. 

At  one-half  of  the  descent 
the  power  will  be  dimi- 
nished  to   1883^ 

Becaosc  at  this  point  the  steam 
between  the  pKtona  occupies 
one-half  of  the  small  cylinder, 
and  one-half  of  the  large  one, 
which  is  a  space  equal  to  1^  of 
what  it  filled  at  the  commence- 
ment; the  spaces  will  therefore 
ie6  to  4,  and  the  pressare  on 
tie  great  piston  as  4  to  0,  or 
[dsofSOOOssl^SS;. 

Carry  forwa  *d 403$} 


Becanse  the  piston  is  in 
equillbrio,  having  1000 
lbs.  pressing  upwards,  & 
1000  lbs.  downwards. 


:  Combined  powers 
of  both  piiitoua. 

At  arst. .  2000 


200 


the  equilibriam 
does  not  continue,  and 
at  |th  of  the  descent,  the 
pressure  under  the  small 
piston  is  reduced  by  the 
expansion  of  the  steam 
between  the  pistons  to  | 
of  lOOOaSOO,  while  the 
pressure  abore  the  pisu>u 
continues  to  bel  000.  The 
power  is,  therefore,  f  000 
—  800=3200. 


!90e 


Because  the  pressure  be- 
neath is  diminished  by 
the  increased  rarity  of  the 
steam  to  two  thirds  of 
1000s666f,  while  the 
downward  pressure  con- 
tinues to  be  1000.  The 
power  is,  therefore,  1000 


333i 


533} 


1606} 


5466} 
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DeteendiniTpoverortlie  freat 
pUton* 


Brouji^t  forward « •  •  .49^ 

At  three-tborfhs  of  the  de- 
acent  the  power  wHl 
only  be  1148$ 

BecHuse  the  steam  mast  now 
occupy  ith  of  ilie  flmall  cylin* 
der,  aud  ^ths  of  the  large  cy- 
linder, which  Is  a.S|>ace  eqoallo 
Utha  of  the  original  s[>ace, 
Thos  the  spaces  will  be  7  to  4, 
and  the  preasnre  on  the  great 
piston   four-sevenths  of  2000 

At  the  bottom  of  the  cylin- 
der the  power  will  be. .1009 
Because  the  steam  most  occupy 
the  whole  of  the  large  cylinder, 
a  space  equal  to  twice  the  sman 
cylluder,  which  it  at  first  filled. 
Tlie  pfiesaurc  will  therefore,  bo 
i  of  8000==  1000. 


Sam  of  the  powen  exerted 
by  the  great  piston  in  its 
descent 7076 


6QH 


Because  the  pressure  be- 
neath is  rednped  1^  the 
rarity  of  the  air  to  four- 
sevenths  of  1000=^1|-. 
Thecefiire  the  power  is 

1000— 57liH=*^f 


4SSf 


Combliied  jpovers 
of  botbpMtoas. 


546CI 


167M 


tW9 


the  stefUB  bt« 
neath  the  piston  is  redu- 
ced to  4  of  its  pressure, 
or  600,  which,  deducted 
from  1000,  leaves  640. 


Sum  af  the  powers 
of  the  small  piston .  }461 


1600 


finmoftlie 
combined 
powers  ..ass? 


Now,  if  Mr,  Watt's  principle  of  expaMioB  were  used  in 
a  cylinder  of  the  same  area  as  the  larger  one  in  tliis  in- 
stance, and  the  pressure  of  steam  the  same  at  the  com- 
mencement, namely,  10  lbs.  ob  the  inch,  until  one-lialf  of 
the  stroke  be  completed,  and  the  remainder  be  effected  by 
the  expansion  of  the  steam  already  contained  in  the 
cylinder,  the  power  will  be — 

At  the  beginning 8000  lbs. 

At  one-fonrth    ..^^ 2000 

Atone-half 2000 

At  three-fonrths  ' 18384 

«  At  the  bottom  ....... ^ 1000 

Total  effect 83334 


Hence  it  will  appear  that  tbe  difference  between  the 
effect  of  the  two  principles  is  ve'-v  trifling;  but  even  this 


COVFAIUKD  WITH  WATV^lU  lit) 

difference  would  not  exist^  if  recourse  were  had  to  flux- 
ions, instead  of  commQB  arithmetic ;  because  by  the  latter 
it  is  assumed  that  the  change  in  the  two  effects,  named  at 
any  two  points^  has  only  taken  place  di  that  last  named, 
and  consequently  that  the  force  up  to  that  poiilt  ha4  conti- 
nued the  save  as  the  preceding  one.  For  inslance,  iht  force 
on  the  larger  piston  of  Mr.  Hornblower's  engine  ia  stated 
to  be  at  one-fourth  of  the  stroke,  and  from  thence  to.  the 
half  alroke,  1669  Us* ;  but  tUvis  not  the  facf,  for,  finom  the 
quarter  to  the  half  ^roke,  the  force  is  gradually  duninish- 
ing  from  1600  to  1333 i.  The  minutest  subdivKims  would 
only  be  as  af^rpximation  t0  accuracy.  Fluxiona  are  the 
only  method  of  obtaining  cortectly  the  sum  total  #f  con- 
staatly  increaaing  or  decreasing  qoantitieiu 

la  this  ealculatson  of  the  power  of  Mr.  Watt's  engine, 
a  less  number  of  points  bare  been  tak^ir  than  ought  to 
have  been ;  for  although  five  are  taken,  in  commoA  with 
Mr.  Homblower's,  yet  two  of  them  are  when  the  cylinder 
of  Mr.  Watt  19  kr<omiWiaiff>ti<n  with  tlndifaoUer ;  whereas 
the  comparison  ought  to  have  been  made  by  taking  five 
poinls  during  the  last  half  of  the  stroto  of  ee^k  engJDe. 
By  this  method  it  would  have  beytR  se?B,tha4  a  very  triflinf^ 
difference  is  the  total  e^Tects  of  each  would  baf  e  r^aulted. 

Id  confirmation  of  these-  cakulationa  it  may  be  stated, 
that  Mr.  Homblower's  engine  waa  not  fo«ifid  in  pvactiee, 
to  exceed  in  effect  the  exp^nsiofi  Migine  of  Mr ^^  Watt.  He 
erected  an  engine  in  179S,  at  Tia  Croft  Mine,  in  Cornwall, 
which^  it  appears,  did  not  p^fotm  work  equal  to  an 
engine  of  Messrs.  Boulton  and  Wfitt,  whiob  eonsumedi 
the  same  quantity  of  coals. 


We  shall  now  proceed  to  tbe  consideration  of  the  next 
mvention  that  presents  itself  in  chronological  order,  which 
is  a  Rotative  Engine  by  Mr;  Gooke,  a  drawing  and  de- 
scription of  which  are  to  be  found  in  the  Transactions 
of  the  Royal  Irish  Academy,  1787.  We  subfoin  a  de« 
scription  therec^. 
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(Cooke's  RotaHoe  Ekykm.    1797.) 
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Oo  the  circumference  of  a  wheel  eight  vines  or  flaps 
are  attached  by  joints,  which  are  formed  to  open  some- 
what more  than  half  of  their  circumference.  During  the 
revolutioii  of  the  wheel,  the  Tana*  being  first  opened  by 
their  own  gravity,  are  afterwards  kept  to  fill  the  channel  by 
the  pressure  of  the  steam,  cccarethe  valves  or  flaps;  6  is 
the  tube  whioh  admits  steam  from  the  boiler;  a  a  tube  lead- 
ing to  the  ^ondenier.  kkfh  the  case  in  which  the  wheel 
kh  is  enclosed  as  high  as  the  dotted  line^  this  case  is  to 
be  steam-tight.  The  wheel  being  supposed  in  the  situation 
in  the  figure,  the  valves  prevent  any  communication  be- 
tween the  boiler  and  condenser.  Steam  is  now  admitted 
at  6,  and,  pressing  on  cc,  forces  them  forward  in  its  pas- 
sage to  the  condenser,  and  produces  movement.  The  con- 
denser is  worked  by  a  crank  in  the  axis,  and  a  rod  d  is  ex- 
tended from  it,  which  keeps  a  constant  vacuum  in  that  hal. 
of  the  stearin  case : — ^^  by  this  means  a  power  is  added  to 
the  steam  equal  to  the  weight  of  the  atmosphere;  so  tliat, 
when  the  force  of  the  steam  is  only  equal  to  the  pressure 
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of  the  atmoepbere,  and  the  valves  are  six  inches  square^ 
the  wheel  will  be  forced  round  by  a  power  equal  to  531  i 
lbs.  placed  on  its  circumference/'  The  confltniction  of 
this  machine  we  need  hardly  say  would  be  knpraotioable. 
Friction  out  of  the  question,  the  imperfection  of  the  me* 
chanism^  and  the  clumsiness  of  the  whole  engine,  are  too 
apparent  to  need  any  detaiL 

Mr*  Thomas  Burgess  obtained  a  patent,  in  1789,  for  a 
method  of  producing  a  rotary  motion  from  the  action  o# 
an  altesnate  movement.  We  are  induced,  from  the  pro* 
bability  that  few  of  our  readers  are  acquainted  with  it,  to 
give  it  a  place  here* 


(Burgess's  Rotary  Motion.    1789.) 

Upon  an  axis  A,  to  which  the  rotary  motion  is  to  be 
communicated,  a  collar  C  is  accurately  fitted,  so  as  to  tuni 
freely  thereupon,  and  so  secured  in  its  place  as  to  prevent 
its  sliding  sideways;  round  the  collar  a  chain  or  rope  R 
b  to  be  wound ;  one  end  of  the  rope  is  made  fast  to  the 
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lever.  L  of  a  steam  engine,  or  other  alternating  movin:^ 
poiverj  which  nutation  may  be  horizontal^  vertical,  or  in 
any  other  difeotion  :  to  the  other  end  of  the 'rope  a  weight 
W  is  sn^endedj  which  i».  to  draw  the  collar  C  back,  in 
the  interval  betweenfetch  'Stroke  or  iynpnlse  of  the  moving 
power.  '  Inside  of  <the  barrei'or  collar  C  is  fixed  a  pall  or 
catch,  P,  which  falls  by  its  own: gravity  into  the  notches  of 
thier'AxleA,  so.  that,  wlien  it  is  acted  upon  by  the  ro<>ving 
ffower  in  oAe  direction^  the  axis  A  becomes  locked  to  the 
tjoUar/  a))d'tUe'%  wheel  V  is^  forced  > into  «  rotary 
niofiot^.  Wheii  life  action  is  reversed  by  the  altematidg 
motion  of  the  lever  L,  the  collar  is  releaised  and  runs  batft, 
the  pall  sliding  over  the  notches  in  the  axis  without  impe^ 
diment,  the  original  rotary  motion  continuing  in  the  fly 
wheel,  by  the  impetus  given  it  at  every  alternate  stroke  of 
the  lever. 

This  machine  needs  no  comment ;  it  is  infinitely  inferior 
to  the  crank  which  was  in  use  prior  to  the  date  of  this 
latent :  it  is,  notwithstanding,  very  ingenious ;  and,  fifteen 
or  twenty  yeai^s  sooner,  might  have  been  considered  as  a 
convenient  and  useful  method  of  obtaining  the  desired 
end. 

in  the  year  1790,  Mr.  J.  Bramah,  of  Piccadilly,  (author 
of  the  pamphlet  addr^ed  to.  Chief  Justice  Eyre,  from 
which  we  have  made  copious  extracts,)  and  Mr.  Thomas 
Dickinson,  of  Bedworth  Close,  County  of  Warwick, 
jointly  obtained >|i  patent  for  three  rotative  engines. 

In  the  subjoined  engrijving,  fig.  1.  represents  the  plan  of 
one  of  these  engines,  ancFlig.  S.  a  section.  A  A  and  B  B 
show  the  ends  of  two  short  cylinders  or  rings  of  different 
diameters,  one  placed  in_,|he  centre  of  the  other.  C  is  the 
channel  or  circular  groove,  formed  between  the  two  cir« 
cles.  The  ends  of  the  cylinder  or  ring  B  B  are  shut  up  by 
two  flat  plates  D  D,  as  shown  in  the  section ;  to  these 
plat^  is  joined  an  axis  or  spindle  E  E,  which  axis  or 
spindle  passes  through  the  ends  or  caps  F  F,  which  enclose 
the  en^s  6f  the  cylinder  or  ring  A  A,  and  which  is  made 
air-tight  by  means  of  a  stuffing  box  in-  the  usual  way.  By 
this  axis  or  spindle  the  cylmder  or  ring  B  B  may  be 
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turned  round  from  without,  any  external  power  being 
applied  for  that  purpose ;  or  this  axis  or  spindle  may  be 
applied  to  give  motion  to  any  other  machine,  when  the 
cylinder  B  firis  inrned  cound  by  any  power  or  force  acting 
from  within.  In  the  cylinder  or  ring  B  B  are  fixed  two 
sliders,  6  G,  crossing  each  other  at  right  augles  in  the 
centre,  where  they  are  notched  or  half  spliced,  so  far  as  to 
allow  them  to  slide  backwards  and  forwards,  as  much,  at 
least,  as  the  diameter  of  the  channel  or  groove  C.  The 
length  of  each  of  these  sliders  is  equal  to  the  diameter  of 
(he  cylinder  or  ring  B  B^  and  one  diameter  of  the  channel 
or  groove  C,  and  the  width  is  equal  to  the  height  of 
the  channel  or  groove  C }  so  that  the  points  which  perfo- 
rate the  extremity  of  the  cylinder  or  ring  B  B,  when  they 
are  pushed  out  into  the  channel  or  groove,  may  entirely 
fill  the  same,  similar  to  a  piston  working  in  a  common 
cylinder ;  in  order  that,  when  the  cylinder  B  B  is  turned 
round,  the  channel  or  groove  may  be  by  that  part  of  the 
slider  totally  swept  or  emptied.  In  this  channel  or  groove 
is  fixed  the  partition  H,  which  fills  the  same  in  that  part, 
and,  by  its  being  fitted  against  the  periphery  of  the  wheel 
B  R^  prevents  the  passage  of  any  fluid  that  way  round  the 
channel,  when  the  caps  or  ends  are  screwed  down.  On 
each  side  of  the  partition  H  is  fixed  a  rib  I  1,  or  piece  of 
such  a  shape  as  to  perfectly  fit  the  circle  B  B,  one  quarter 
of  its  circumference,  between  the  dotted  lines  1,3;  and 
the  remaining  part  is  continued  in  a  shape  inclining  to  the 
circle  of  the  greater  cylinder  A  A,  with  which  it  forms  an 
easy  juncture  at  the  quartile  points,' 3,4.  When  the  cy- 
linders B  B,  with  the  sliders,  are  turned  round  in  either 
direction,  the  inclined  parts  of  the  ribs  1 1  force  the  oppo- 
site end  of  the  sliders  G  G,  successively  inte  their  channel 
or  groove,  where  they  are  obliged  to  remain  during  one 
quarter  of  the  revolution,  being  kept  in  that  position  by 
the  circular  part  of  the  rib  between  1  and  2.  K  M  are 
two  pipes  of  any  required  diameter,  which  may  be  inserted 
into  the  channsl  or  groove,  in  any  direction  the  situation 
of  the  machine  may  require,  between  the  points  H  3  and 
H  4.     The  sliders  are  rendered  sufficiently  tight  at  tkc-ir 
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jtiiiction  with  the  channel,  by  means  of  oakum  or  any 
other  flexible  material  being  forced  into  the  cavities  made 
for  that  purpose  at  the  partH  L  L  L,  and  alsTo  the  partrtion 
II  in  the  same  way.     The  cylinder  or  ring  B  B,  being 
thus  armed  with  the  sliders,  and  the  ctfps  or  ends,  F  F, 
screwed  on  by  the  flanches  at  A  A,  the  rafatibltle  is  complete, 
and  ready  for  action.     Now,  suppo^ihg' that  through  the 
pipe  K  a  shaft  of  water,  steanr.  or  any  other  fluid,  from 
any  considerable  height,  is  admitted 'int^  the  channel  or 
groove  C,  it  would  immediately  'A)t*ee  agaitfst  the  slider 
projected  in  the  channel  as  at  N,  «ind  also  against  the 
fixed  partition  H ;  which  partition,  preventing  its  passage 
that  way  to  the  evacuation  pipe  M,  where  the  spent  water 
is  discharged,  the  next  slider  in  succession  has  passed  or 
covered  the  junction  of  the  ascending  pipe  K,  so  that  each 
successive  slider  receives  the  pressure  before  it  is  done 
acting  on  the  former;  by  this  means  a  uniform  rotation 
is  maintained  in  the  cylinder  B  B,  and  its  velocity  will  be 
equal  to  the  descent  of  the  water  in  the  pipe  K,  and  its 
force  equal  to  the  specific  gravity  of  the  same.    Thus  this 
machine  may  be  worked  by  steam,  (Condensed  air,  wind,  or 
any  other  elastic  or  gravitating  fluid,  for  the  purpose  of 
working  mills,  or  any  other  kind  of  machine  or  engine 
whatsoever,  they  being  properly  connected  with  the  axis 
or  spindle  E  E ;  and  when  any  power  is  externally  applied 
to  the  said  axis,  which  may  turn  the  machine  in  any  direc- 
tion,  it  becomes  a   complete  pump ;    possessing  all  the 
properties  of  every  other  sort  of  hydraulic  engine  whatso- 
ever, by  applying  the  pipes  K  and  M  accordingly ;  and  it 
has  also  much  advantage  over  every  other  kind  of  pump, 
fts  the  fluid  pumped  is  kept  in  constant  motion  both  in  the 
SDctioB  and  ascending  pipes:     This  machine  may  be  fix^d 
either  in  a  horizontal  or  vertical  direction.* 

It  will  be  perceived  that  the  machine^  for  which  Mr. 
Job  Rider  recently  obtained  a  patent,  resembles  this  in 
principle.  The  point  in  which  Mr.  Rider'i^  differs  from 
it,  is  in  his  sliders  being  more  in  number,  and,  instead  of 
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crossing  each  other,  are  formed  of  shorter  plates  not 
reaching  to  the  axis.  The  excessive  friction  of  this  ma- 
chine would  be  a  sufficient  reason  for  its  abandonment ; 
besides  which,  the  cross  sliders,  6  6,  would  in  time  become 
so.  worn  at  their  ends,  that  the  ribs,  1 1,  would  not  be  able 
to  force  them  against  that  part  of  the  cylinder  opposite  the 
projection  H,  so  as  to  atop  the  passage  pf  the  steam. 

In  the  annexed  engravings,  fig.  1.  represents  another 
plan  of  a  rotative  engine  in  the  same  patent,  where  the 
sliders  are  stationed  in  the  periphery  of  the  outer  cylindery 
and  the  water,  steam,  or  other' fluid,  passes  first  into  a 
smaller  or  inner  cylinder,  previously  to  its  producing  its 
effect  in  the  channel  or  groove,  as  in  the  other  example* 
A  is  the  end  of  a  hollow  spialler  cylinder,  placed  in  the 
centre  of  the  larger  cylinder  B ;  the  cylinder  A  is  fixed 
on  an  axis  or  spindle  C,  as  in  the  section.  D  D  is  the 
channel  or  groove^  formed  between  the  outer  surface  of 
thjs  cylinder  A,  and. the  inner  surface  of  the  cylinder  B; 
to  th«  eyUpder  A  is  fixed  a  wing  or  fan  E,  of  a  projection 
sufficient  to  fill  and  act  in  the  channel  D  D  as  a  piston, 
wheii  A  is  turned  round  by  the  axis  or  spindle  C,  so  as  to 
sweep  th^  contend  of  the  channel ;  or,  when  any  force  is 
applied  on  one  side  of  its  surface,  it  will  cause  the  cylinder 
A,  and  the  axis  or  spindle  C,  to  be  turned  round.  The 
cylinder  A  is  left  open  at  both  ends,  which  pass  through 
the  end  plates  into  the  caps,  and  is  fitted  water-tight  in 
the  junctions.^  In  or  about  the  middle  of  the  cylinder  A 
is  a  chamber  or  partition,  which  divides. the  upper  end 
from  the  lower ;  H  H  are  two  sliders,  stationed  at  oppo- 
site points  in  the  periphery  of  the  outer  cylinder  B,  where 
there  are  cells  projected  as  at  1 1,  to  receive  tbem  ^nd 
allow  their  motion.  These  sliders  are  moved  by  the 
small  spindles  K  K  passing  through  stuffing  .boxes;  in  the 
usual  way.  They  are  ultimately  opened  and  shut  by  half 
the  r<otation  of  the  inner  cyliodery  by  means  of  a  wheel 
with  afi  .eccentrip  groove  fixed  qn  the  axis,  as  L  L.  In 
.bis  groove  nioye  two  friction  wheels,  which  being  joined 
to  the  sliders  by  a  connecting  bar,  the  sliders  H  H  are 
opened  and  shut,  by  the  axis  C  turning  round,  so  that  one 
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of  the  slidersH  H  1b  always  close  shut  against  the  cylin- 
der Ay  whiUt  th6  other  is  opcnfng  to  let  the  wing  or  fan 
pB98,  which'  is  again  shut  before  the  passive  slider  begins 
its  motion.  The  machine  being  thus  complete,  suppose 
that,  at  a  pipe  0,a  current  of  water,  steam,  or  other  fluid 
having  force,  was  admitted  into  the  cap  whilst  the  machine 
is  in  its  present  position,  it  would  immediately  fall  into 
the  upper  cavity  of  the  cylinder  A,  and,  passing  through 
the  aperture  into  tfae  channel  D,  would  press  against  the 
wing  or  fan  E,  on  the  one  side,  and  against  one  of  the  sli- 
ders H  H,  oo  the  other;  which  slider  not  giving  way 
would  cause  the  wing  or  fan  E  to  recede,  and  turn  round 
the  cylinder  A  with  its  axis  C ;  which  axis,  turning  the 
wheel  with  the  groove  L  L,  would  cause  the  opposite 
slider  to  begin  its  motion ;  so  that  by  the  time  the  wijEg,or 
fan  E  reaches  the  station  of  the  slider,  it  is  totally  drawn 
back  into  its  cell,  so  as  to  permit  the  wing  or  fan  E  to  pass 
without  interruption;  and,  by  the  continued  motion  of 
the  macbinf!,  the  slider  is  again  shut,  before  that  slider  oa 
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which  the  fluid  is  pressing  begins  to  move;  so  that,  when 
the  first  slider,  against  which  the  water  or  fluid  is  still 
pressing,  is  opened,  the  pressure  is  then  the  same  between 
the  other  slider  and  the  wing  or  fan  E ;  and  the. spent 
fluid  between  the  two  sliders  immediately  rushes  through 
the  lower  aperture  into  the  bottom  of  the  cylinder  A,  and 
is  carried  off  in  that  way  to  the  open  air :  thus  a  uniform 
rotation  will  be  maintained,  as  in  the  former  example.* 

This  engine  is  remarkable  for  simplicity;  and  if  a 
metallic  packtifg  had  been  at  that  time  known,  it  might 
have  approximated  to  a  useful  rotative  engine.  As  it 
was,  it  would  be  impossible  to  make  hempen  packing  pass 
over  the  grooves  for  the  sliders,  without  being  speedily 
torn  out;  and  also  it  would  be  very  difficult,  if  not 
absolutely  impossible,  to  keep  the  sliders  H  against  the 
internal  cylinder  A,  as  at  each  stroke  the  sliders  would 
reboilnd  from  it ;  and  not  being  kept  close  by  the  force  of 
the  steam,  as  in  many  rotative  engines,  would  soon  become 
loose  at  the  joints,  and  thereby  ineffective. 

The  following  diagram  represents  another  method  by 
which  Messrs.  Bramah  and  Dickinson  purposed  to  obtain 
a  rotative  motion.  A  is  a  smaller  wheel  or  cylinder, 
armed  with  cross  sliders,  fixed  in  a  larger  one  B,  but, 
instead  of  its  axis  being  stationed  in  the  centre  of  B,  as 
in  the  previous  instances,  it  is  moved  as  much  eccentric  as 
to  cause  the  periphery  of  A  to  rub  against  the  side  of  B, 
as  at  C ;  this  causes  the  channel  or  groove  D  D  D,  to  be 
formed  of  the  shape  which  appears  in  the  figure.  The 
inner  surface  of  the  wheel  or  ring  B  is  not  perfectly  cylin- 
drical, but  is  a  curve  of  such  a  shape  as  would  be  described 
by  the  points  of  the  sliders  E  F  being  of  equal  length  in 
the  revolution  of  the  wheel  A;  or,  in  other  words,  of 
such  a  shape  as  would  occasion  all  the  four  points  of  the 
said  sliders  to  be  in  constant  contact  therewith.  The 
dotted  lines  G  G  show  two  grooves  or  cavities,  through 
which  the  water,  steam,  or  other  fluid,  contained  between 
the  point  C  ^nd  either  of  the  apertures  of  the  pipes  H  and 
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1,  passes  into  either  of  the  said  pipes ;  which  water,  ateans 
or  other  fluid,  would  otherwiae  be  pianed  up  by  the  slider, 
and  stop  the  motion  of  the  machine  when  turned  in  either 
direction.* 
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This  machine  would  be  liable  to  the  same  objections  •■ 
the  first.  On  the  whole,  these  contrivances  display  great 
ingenuity,  and  may  be  justly  considered  to  rank  as  high  as 
any  that  have  since  been  proposed ;  indeed,  there  are  few 
rotative  engines  which  do  not,  in  principle,  somewhat 
resemble  these ;  therefore  we  conclude  that,  had  the 
genius  of  the  inventor  or  inventors  been  exercised  when 
mechanical  experience  had  been  more  advanced,  they 
might  in  all  probability  have  effected  that,  which  is  so 
great  a  desideratum  among  modern  engineers. 

Mr.  James  Sadler,  of  Oxford,  in  1791,  obtained  a  patent 
for  a  rotative  engine,  which  the  following  drawing  and 
description  may  serve  to  illustrate.  The  steam  generated 
in  the  boiler  is  conveyed  through  the  pipe  c,  into  the 
spindle  or  axis  of  tlie  rotative  cylinder  a  6,  which  is  made 
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steam-tight  by  working  in  a  stufBng-bojr.  The  steam 
pasBes  along  the  arms  of  the  revolving  cyiitider^  nearly  to 
its  ends,  where  it  meets  a  jet  of  cold  water,  introduced 
from  the  hollow  axis  by  the  small  pipe  x«;  this  conden- 
sing water  falls  from  the  revolving  cylinder  into  the  bot- 
tom of  the  case,  whence  it  is  conveyed  through  a  pipe,  and 
is  discharged  by  openings  made  in  the  ends  or  sides  of 
another  cylinder,  moveable  in  a  horizontal  direction, 
giving  it  a  rotatory  moveitient,  in  the  same  manner  as 
Barker's  mill.  The  jet  of  cold  water,  from  the  pipes  jr  jr, 
having  condensed  the  steam,  produces  a  re-action,  and  the 
cylinder  a  h  acquires  a  rotative  moveme&t.  The  inner 
case  is  steam-tight ;  and  the  outep  case  serves  the  same 
purpose  with  the  jacket  in  the  reciprocating,  engines. 
Another  mode  of  action  is  suggested  by  Mr.  Sadler  to  be 
had  by  filling  the  case  (in  which  the  arms  revolve)  with 
steam,  which  would  cause  them  to  revolve  by  the  pressure 
it  would  produce  in  being  condensed  in  entering  the 
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This  engine  is  Hero's  in  another  form,  and,  like  it,  an 
ineffective  toy. 
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The  Rev.  Edward  Cartwright's  scbeioe,  for  which  he 
obtained  a  patent  in'' 1797,  was  very  ingenious  His  object 
was  to  procure  a  tight  piston,  and  a  condenser  in  which 
the  steam  was  exposed  to  a  large  surface  of  water* 

The  condensation  is  effected  by  two  metal  cylinders, 
placed  one  within  the  other,  and  having  cold  water 
flowing  through  the  inner  one,  and  indesMig  the  outer 
one.  Thus  the  steam  is  exposed  to  the  greatest  possible 
surface  in  a  thin  sheet.  Mr.  Cartwright  likewise  has  a 
valve  in  the  "piston,  by  which  a  constant  communication  is 
kepi  up  between  the  cylinder  and  condenser,  on  either  side 
of  the  piston  ;  so  that  any  steam  improperly  entering  the 
cylinder^  is  instantly  exposed  to  the  condenser,  whether  in 
the  ascending  or  descending  stroke.  By  this  contrivance, 
steam  that  may  escape  past  the  piston  will  be  immediately 
condensed^  and  the  vacuum  thereby  preserved*  This  was 
considered  to  be  a  decided  advantage  over  the  general 
mode  of  arranging  the  valves,  which  does  not  always  pro* 
vide  for  the  restoration  of  a  vacuum  destroyed  by  the 
imperfection  of  the  packing. 

*^  In  the  following  figure,  the  piston  b  moving  in  the  cylin- 
der Oj  has  its  rod  prolonged  downwards ;  another  pistoh  d 
m  attached  to  it^  moving  in  the  cylinder  c,  and  which  may 
be  also  considered  as  a  prolongation  of  the  steam  cylinder. 
The  steam  cylinder  is  attached  by  the  pipe  g  to  the  con- 
denser, placed  in  cold  water,  formed  of  two  concentric 
eircolar  vessels,  between  which  the  steam  is  admitted  in  a 
thin  sheet,  and  is  condensed  by  coming  in  contact  with  the 
cold  sides  of  the  condensing  vessel.  The  water  of  con« 
densation  fells  intt  the  pipe  e.  To  the  bottom  of  the 
cylinder  t,  a  pipe  m  is  carried  into  a  box  n,  having  a  float- 
ball  o,  which  opens  and  shuts  the  valve  p,  communicating 
with  the  atmosphere:  a  pipe  q  is  also  fitted  to  the  bo^. 
There  is  a  valve  placed  at  t,  opening  into  the  cylinder  c ; 
another  at  n,  also  opening  upwards*.  The  pipe  «  conveys 
steam  from  the  boiler  into  the  cylinder,  which  may  be  shut 
by  the  fall  of  the  clack  r.  it  is  a  valve  made  in  the  pis- 
ton fr. 
^In  the  figure,  the  piston  b  is  shown  as  descending  bj 
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'he  elasticity  of  the  steam  flowing  ftom  the  boiler  througb 
a;  the  piston  </,  being  attached  to  the  same  rod,  is  also 
descending.  When  the  piston  b  reaches  the  bottom  of  the 
cylinder  a,  the  (ail  or  spindle  of  the  valve  t  being  pressed 
upwards,  opens  the  valve,  and  forms  a  communication 
liittween  the  upper  side  of  the  piston  and  the  condenser; 
at  the  same  moment  the  valve  r  is  pressed  into  ita  seal  by 
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tfte  descent  of  the  cross  arm  on  the  piston,  which  prevents 
the  further  admission  of  steam  from  the  boiler ;  this  allows 
the  piston  to  be  drawn  up  to  the  top  of  the  cylinder^  by 
the  momentum  of  the  fly-wheel  Zy    in    a  non-resisting 
medium.     The  piston  d  is  also  drawn  up  to  the  top  of  c, 
and  the  valve  t  is  raised  by  the  condensed  water  and  air, 
which  have  accumulated  in  eysokd  in  the  condenser  g^   At 
the  moment  when  the  piston  hfis  reached  the  top  of  the 
cylinder,  tbe  valve  k  is  pressed  into  its  place  by  the  pin  or 
tail  striking^  the  cylinder  cover ;  and  at  the  same  time  the 
piston  b  striking  the  tail  of  the  valve  r,  opens  it ;  a  com- 
munication   is  again  established  between  the  boiler  and 
piston^  and  it  is  forced  to  the  bottom  as  before.     By  the 
descent  of  the  piston  d,  the  water  and  air  which  were 
under  it  in  the  cylinder  c,  being  prevented  from  returning 
into  tbe   condensing  cylinder  by  the  valve  under  t,  are 
driven  up  the  pipe  m,  in  the  box  n,  and  are  conveyed  into 
the  boiler  again  through  the  pipe  9.    The  air  rises  above 
ihe  water  in  a,  and  when,  by  its  accumulation,  its  pressure 
is  increased,  it. {Presses  the  float  a  dof^nwards;  this  opens 
the  valve  j>,  and  allows  it  to  escape  into  the  atmosphere.** 
This  most  ingenious  machine,  it  appears,  was  tried  first 
at  Cleveland  Street,  Mary-le-bonne,  and  afterwards  at 
Horsleydown,  at  both  of  which  places  it  is  said  to  have 
given  great  satisfaction.    These  trials  must  have  been 
much  more  decisive  than  any  opinion ;  and  although  we 
have  not  been  able  to  ascertain  further  respecting  the 
success  of  the  engines  when  put  in  practice,  than  the 
simple  fact  of  their  having  been  approved   of  by  the 
respective  proprietors,  our  own  judgment  warrants  a  con- 
clusion, that  this  plan  is  admirably  adapted  to  be  applied 
where  a  small  engine  is  necessary.  The  mode  of  condensa- 
sion  adopted  by  Mr.  Cartwright  was  considered  to   be 
liable  to  great  objection  previously  to  experiment ;  so  mucL 
so,  that  one  of  the  greatest  engineers  this  country  evei 
produced,  was  heard  to  state  it  as  his  opinion,  that  ^^  were 
a  pipe  to  be  laid  across  the  Thames,  the  condensation 
would  not  be  quick  enough  to  work  a  steam  engine  with 
its  full  cfl^ect.*'     It  was  shown,  however,  when  tried,  that 
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this  Opinion  was  incorrect,  as  the  condeaaBtion  wm  rery 
rapidj  and  the  vacunm  tolerably  good. 

Not  the  least  ingeniouB  part  of  Mr.  Cartwri^t's  patent 
was  the  Betallic  piston,  which  lias  been  of  late  years  rery 
generally  used.  Thoa^b  this  kind  of  piaton  is  now  some- 
what differently  modified  froni  his,  yet  he  ii  entitled  to  the 
merit  of  haring  first  introduced  it  into  use.  It  has  been 
found  to  answer  extremely  well,  and  frequently  works  for 
years  without  needing  any  atteotion,  and  merely  requiring 
to  be  kept  well  greased. 


{Cartwright'8  Pitton.    1797.) 

Mr.  Gartwright's  conMsts  ef  two  rii^  of  brnss,  of  the 
full  size  of  the  cylinder,  which  are  cut  into  segments,  as 
shewn  at  I  i  ly  and  laid  one  above  the  other,  so  as  to 
break  joint.  TfaeJoin(s,  therefore,  in  the  under  ring  are 
shewn  by  dotted  lines  in  thefignre;  and  being  thus  disposed, 
the  two  rings  are  secured  in  their  places  by  a  top  and  bot- 
tom plate,  to  which  the  piston  rod  is  fixed.  The  segments 
are  poshed  against  the  cylinder  by  steel  sprmgs,  shewn 
at  n  n. 

A  rotative  engine  is  also  described  in  this  specification; 
bnt  we  apprehend  that  practical  difficulties  wauld  prevent 
its  being  ever  carried  into  execution.  The  axis  D  in  the 
following  cut  is  fixed  in  an  internal  drum  or  cylinder,  to  the 
periphery  of  which  are  attached  the  three  pistons  H  H  H, 
which  entirely  fill  the  channel  formed  between  the  interior 
and  exterior  cylinders ;  if  d  are  two  valves  or  flaps,  which, 
when  shut  into  the  cavities,  form  a  portion  of  the  exterior 
cylinder,  but  when  open  (as  drawn)  serve  as  a  bHtment  to  re- 
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ceire  the  action  of  the  Bteam,  which  being  introduced  from 
Ihe  boiler  through  the  pipe  E,  and  consequently  between 
the  open  flap  d,  and  one  of  the  pialons  H,  when  the  same 
piaton  baa  paesed  the  lower  flap  d,  it  also  opens  and  re- 
ceives the  action  of  the  steam,  which  enters  through  G,  so 
that  the  fiapa  may  at  all  times  relieve  each  other,  without 
inlerrupting  the  operaticMi.  Mr,  Cartwright  does  not 
describe  how  these  pistons  and  ratves  are  to  be  made,  or, 
being  made,  bow  they  are  to  be  kept  tight.  Two  methods 
ool;  are  known,  namely,  hempen  or  metallic  packing ;  the 
first  wonld  be  bochi  destroyed  by  the  holes  in  the  sides  of 
the  exterior  cylinders,  formed  for  a  communication  with 
the  boiler  and  condenser,  by  means  of  the  pipes  B  P  G, 
■nd  metallic  packing  would  here  require  too  much  nicety 
aid  expense  to  be  generally  useful.  But  this  is  not  all ; 
Ike  friction  of  the  interior  drum  would  fitr  exceed  that  of 
tke  common  engine,  which  it  was  intended  to  supersede ; 
ud  the  flaps,  d  d,  wonld  be  li^le  to  knock  themselves  to 
pieces  by  the  frequent  striking  against  the  drnm,  as  tbey 
ire  thrown  fi>rward  by  the  external  machinery. 


iOiTiwnihea  Botativ*  Emgim.    1797). 


129  U-ailMBf.t>WEJl*S  ROTATIVE  BNOIN'E. 

Mr.  Jonathan  Hornblower's  Rotative  Engine  (for  which 
a  patent  was  obtained  in  1798)  displays  much  ingenuity. 
The  vessel  in  which  the  steam  operates  consists  of  a 
hollow  cylinder,  -composed  of  two  unequal  parts,  the 
smaller  section  of  which  is  screwed  off  and  on,  for  the  pur* 
pose  of  rectifying  and  repairing  the  internal  structure. 
These  parts  are  cast  separate,  and  then  screwed  together, 
firm  and  close,  by  means  of  flanches.  They  are  then 
covered  with  lids  turned  also  true,  and  form  a  figure 
resembling  a  drum.  A  Z  are  two  tubes,  which  pass 
through  die  central  openings  in  the  lids  of  the  drum, 
meeting  each  other  at  B.  abcdy  are  the  interior  limits 
of  those  tubes,  on  the  inside  of  the  drum,  which  are  con- 
siderably larger  than  at  A  Z  in  their  diameters ;  the  use  of 
which  is,  that  there  shall  be  a  proper  cavity  at  ^/^  A,  to 
receive  a  packing  of  tow  and  grease,  or  any  other  ,mate« 
rials  answering  the  purpose,  between  that  particular  part 
and  the.end  of  .the  drum ;  and  also  the  frames  of  the  dia- 
phragms C  C,  may  have  the  firmer  holding  to  the  hollow 
axles  or  tubes  at  D,  D,  leaving  the  parts  of  the  diaphragm 
pendent  at  t  k.  The  dotted  lines  show,  the  interior  limits 
of  the  drum,  when  the  diaphragms  are  in^their  places ; 
between  which  and  the  extremities  of  the  diaphragms 
there  is  a  proper  rabbet  to  receive  the  packing,  and  be- 
tween the  pendent  part  of  the  diaphragms  and  the  central 
hollow  tube  about  which  it  revolves.  This  rabbet  is 
formed  by  means  of  plates  of  metal,  screwed  on  to  the 
frame  of  the  diaphragms,  having  their  edges  nearly  in 
contact  with  the  inner  surftice  of  the  drum,  and  will  be 
f»und  accersible  to  repair  or  renew  the  packings  when  the 
pannel  which  constitutes  a  part  of  the  drum  is  removed. 
The  parts  efgh  may  also  be  repaired  at  the  same  time,  by 
means  of  removing  two  screws  at  each  end  of  the  hollow 
tube.  The  diaphragms  (which  are  here  standing  in  oppo- 
site directions)  may  therefore  freely  revolve  the  one  after 
the  other,  or  one  may  move  whilst  the  other  remains  sta- 
tionary. The  tubes  to  which  they  are  attached  will  have 
their  concentricity  preserved  by  means  of  the  solid  axle 
within  the  hollow  one  at  E,  fig.  2,  which  is  fixed  to  the 
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«Dd  of  the  tube  Z,  and  passes  closely  throngh  a  bole  in 
(be  end  of  the  tube  A,  till  it  reaches  the  extremity; 
where,  by  means  of  a  second  collar,  its  central  position  is 
crilically  maintained.  The  two  diapbragtna  are  hollow 
within,  and  hold  communication  with  the  cavities  of  their 
reopective  tubes  which  compose  the  hollow  axes;  and 
these  communicatitms  are  made  by  oblong  openings  where 
(he  diaphragms  and  tube  are  connected  at  D  D. 

(FIG.  I.)  (FIG.  2.) 


\ 
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The  diaphragms  are  completed  when  the  plates  are 
screwed  on ;  in  these  plates  «are  fixed  two  valves  G,  oppo- 
site to  which  are  two  others,  'one  in  each  diaphragm,  so 
corresponding,  that  at  the  opening  of  one  the  other  is 
closed,  and  vice  versa.  Thede  valves  are  balanced  and 
held  in  trunnions,  so  that,  in  every  situation  of  the  dia- 
phragms, they  may  uniformly  obey  the  impulse  by  whic' 
they  are  opened  and  6hut;Hhe  mattneF  in  which  that  is 
effected  is  as  follows  : — the  two  diap^1)agn]^  widen  towards 
their  extremities  in  the  manner  of  radii,  (see  fig.  S,)  and 
may  therefore  be  brought  into  sufficient  contact  to  force 
open  the  valves  by  means  of  prominences  on  them  for  the 
purpose. 

To  explain  the  manner  in  which  the  diaphragms  are 
wrought  upon,  when,  in  their  proper  place,  let  fig.  2.  re- 
present one  end  of  the  hol,fdw  cylinder  or  drum,  and  tho 
central  circles  exhibit  the  hbllow  tubes  or  axles  already 
explained.  The  two  diverging  parta  are  the  ends  of  the 
diaphragms,  and  are  packed  as  before  mentioned;  now, 
these  diaphragms  are  hollow  within,  and  if  we  consider  one 
of  them  to  be  constantly  supplied  with  steam  by  means  of 
the  hollow  tube  to  which  it  is  connected,  and  the  other 
continually  holding  communication  with  the  condensing 
water,  the  consequence  will  be,  when  steam  is  admitted 
through  a  valve  into  the  lesser  apartment  of  the  drum,  and 
another  valve  opens  from  the  empty  diaphragms  into  the 
larger  apartment,  that  the  diaphragms  will  recede  from 
each  other,  with  all  the  force  of  the  steam  between  them ; 
but  if,  by  proper  prevention,  they  can  move  only  in  one 
direction,  it  is  plain  that  the  one  will  remain  stationary  till 
overtaken  by  the  other;  their  junction  will  then  shift  the 
valves  into  contrary  positions  by  means  of  the  prominent 
parts  in  them  for  that  purpose,  and  the  apartment,  before 
filled  with  steam,  instantly  becoming  empty,  the  dia- 
phragm which  was  before  stationary  now  becomes  active, 
and  the  momentum  of  the  former  may,  in  effect,  be  consi- 
dered as  transferred  to  the  latter.  There  being,  therefore, 
in  these  parts  of  the  machine,  a  continual  motion,  by 
rapidly  succeening  each   other   in   a  circular   direction, 
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their  respective  axles  on  which  they  turn,  and  which 
commanicate  motion  to  €>ther  machinery  without  the 
drum,  are  influenced  in  the  same  manner,  agreeably  to  the 
main  principles  herein  ppimarily  set  forth. 

In  order  that  the  steam  shall  have  a  power  of  turning 
the  diaphragms  only  in  one  direction,  let  fig.  I .  represent 
one  of  the  lids  of  the  drum,  having  the  side  that  is  faced 
true  on  the  opposite  direction  to  that  exhibited  in  the 
drawing ;  in  this  is  a  circular  channel^  G  G,  and  a  pro- 
jecting ring  P,  wbich  serves  as  a  perpetual  fulcrum  to 
support  the  two  levers,  C,.D,  that  occasionally  revolve 
in  the  channel,  and  act  as  detents.  The  outer  boundary 
of  the  channel  also  acts  as.  a  fulcrund  to  the  extremity  of 
the  two  levers  at  their  thick  0nds ;  so  that,  when  they  are 
acted  upon^  from  their  connexion  with  the  axles  turning 
them  to  the  right  hand,  by  means  of  a  strong  collar  E, 
there  will  be  no  impediment  to  their  freely  revolving  in 
the  circular  channel ;  but,  when  the  axles  strain  upon 
the  small  ends  of  .the  levers  in  a  contrary  direction,  they 
instantly  become  fixed  so  firmly  between  the  two  bounda- 
ries of  the  cluuiael,  as  effectually  to  resist  the  whole  force 
of  the  machine.  To  provide  against  the  least  retrograde 
motion  whatever,  when,  the  levers  may  be  partly  worn 
from  friction,  they  are  furnished  with  springs  between 
them  and  the  outer  extremity  of  the  channel,  so  that  the 
two  bearing  points  may  at  least  touch  their  respective 
folcrums.* 

In  this  specification,  the  method  by  wbich  a  continuous 
circular  motion. is  obtained,  by  the  alternate  action  of  the 
diaphragms,  is  not  shown.  This  may  be  obtained  by  an 
apparatus  similar  to  that  represented  at  fig.  1.,  or  by  pulls 
attached  to  the  outer  end  of  the  shaft  and  tube,  acting 
upon  a  ratchet,  which  is  fixed  to  the  fly-wheel  shaft ;  in 
the  latter  ease,  the  palls  would  successively  take  hold  of 
the  ratchet  as  the.  other  had  ceased  to  act,  and  turn  round 
the  fly  wheel,  whilst  the  stationary  are  held  firmly  by  the 
apparatus  (fig.  1.)  at  the  other  end  of  the  drum. 

The  objection  to  this  machine  appears  to  be  that  the 
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two  diaphragms  c  would  soon  destroy  each  other;  for 
whilst  one  remained  stationary,  the  other,  having  no 
check,  would  strike  forcibly  against  it :  now,  to  retard  this 
check  would  be  to  produce  an  irregular  motion ;  because  as 
(he  motion  is  communicated  directly  to  the  external  ma- 
chinery, any  decrease  in  the  speed  of  the  diaphragm  would 
also  produce  a  decrease  of  speed  in  the  machine  through- 
out; and  if  the  speed  of  the  diaphragm  be  kept  up,  it 
would  strike  violently  againist  that  one  which  is  at  rest. 

Mr.  Matthew  Murray,  of  Leeds,  a  gentleman  whose 
name  will  be  familiar  to  most  of  our  readers  as  a  steam 
engine  manufacturer  of  celebrity,  obtained  a  patent,*  in 
1799,  fbr  saving  fu^  and  lessening  the  expense  of  engines.' 
He  proposed  to  effect  the  first  object,  by  having  a  small 
cylinder  upon  the  boiler,  to  which  he  fitted  a  piston  and 
rack:  this  rack  worked  a  wheel  upon  a  spindle,  which 
spindle  passed  through  the  chimney,  where  was  a  damper, 
which  had  free  liberty  to  turn  round.  As  the  steam 
increased  in  the  boiler  beyond  the  necessary  force,  it 
forced  up  this  piston  and  rack,  which  acting  upon  the 
spindle,  closed  or  partially  closed  the  damper,  and  thereby 
lessened  the  draught  of  the  fire,  by  which  the  consumption 
of  the  coal  was  reduced,  until  the  superfluous  steam  was 
wrought  out  of  the  boiler,  when  a  weight,  which  had  been 
wound  up  by  the  rise  of  the  piston,  descended,  and  allowed 
the  damper  to  return  to  its  former  position. 

The  other  object,  namely,  decrease  of  cost,  we  will  give 
in  the  words  of  the  specification.  ^^  I  cause  the  steam  or 
atmosphere  to  act  upon  pistons  moving  in  long  pipes  or 
cylinders,  lying  in  a  horizontal  direction.  These  pipes 
may  be  square  or  round,  and  of  any  length  required,  but 
must  lie  in  a  horizontal  direction,  which  is  the  principle 
here  stated.  By  which  contrivance,  a  more  convenient 
motion  can  be  applied  to  mill  work,  and  a  much  longer 
stroke  can  be  obtained  than  in  the  usual  way. 

^^  Next,  I  cause  the  pistons  moving  in  the  above  pipes 
or  cylinders,  by  their  reciprocating  motion,  to  produce  a 
circular  or  rotative  moti/)n  of  equal  power,  by  means  of 
screws,  racks,  and  wheels,  applied  in  such  a  manner  as  to 
cause  the  power  of  the  engine  to  fix  alternately  the  wheels 
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necessary  for  producing  motion,  in  perpendieular  or  hori- 
zontal directions." 
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Figs.  1.  and  S.  are  two  horizontal  cylinders,  containing 
pistons;  M  M  the  piston  rods.  Figs.  1 1,  inlets  for  the 
steam  from  the  boiler  and  atmosphere ;  S3,  outlets  for  the 
condensed  steam  or  atmosphere  ;  N,  a  roller  for  bearing^ 
the  piston.  These  pipes  or  cylinders  must  be  firmly 
fixed  down  to  a  stone  platform,  or  iron  cistern^  or  any 
kind  of  firm  and  secure  fixing. 

O  (fig.  1.  and  3.)  is  a  rack,  fixed  to  the  pbton  rod  M, 
and  moving  upon  the  roller  P ;  Q  is  a  socket  wheel  with 
teeth,  working  in  the  rack  O ;  the  inside  of  the  socket 
wheel  Q  is  screwed  to  fit  the  middle  of  the  axletree ;  R  1, 
and  R  2,  (fig.  1  .)'are  plain  wheels,  put  loose  on  the  square 
of  the  axletree ;  at  S  1  and  S  2  are  tooth  wheels,  put 
loose  upon  the  round  part  of  the  axletree.  T  T  are  plain 
wheels,  acting  as  abutments,  put  fast  upon  the  axletree. 
On  an  axletree  or  rotative  shaft,  for  giving  motion  to  the 
mill  work,  are  fixed  the  wheels  Vand  W;  X  a  small  fly 
wheel,  for  regulating  the  motion. 

Now  the  effect  or  motion  of  this  machine  is,  that  when 
the  piston,  and  piston  rod,  and  rack  O,  are  impelled  by  the 
steam  or  atmosphere  in  the  direction  of  the  arrow,  the 
socket  wheel  Q,  turns  upon  the  screwed  part  of  the  axle- 
tree,  and  with  its  ends  presses  (by  the  force  or  power  of 
the  engine)  the  loose  wheel  S  1  between  the  wheels  R  and 
T,  by  which  means,  the  wheel  V  is  turned  with  the  same 
velocity  as  the  screwed  wheel  Q,  while  the  wheel  S  S  is  at 
liberty  upon  the  axle ;  in  which  situation  the  whole  con- 
tinues, till  the  piston  arrives  at  the  end  of  the  long  pipe 
or  cylinder.  When  the  piston  is  changing  motion  and  going 
in  the  contrary  direction  to  the  arrow,  the  rack  O  turns 
the  wheel  Q  in  the  opposite  direction,  sets  at  liberty,  by 
the  former  means,  the  wheel  S  1,  and  fastens  the  wheel 
S  3,  which  gives  the  same  motion  to  the  wheel  W,  by 
means  of  the  intermediate  wheel  B.* 

Nearly  the  same  objections  may  be  urged  against  this 
method  of  getting  a  revolving  motion,  as  have  been  stated 
to   exist  against   Mr.  Hornblower*s    revolving    engine ; 
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■amely,  that  the  motion  of  the  piston  mnBt  be  uniform 
ifaroDghuut,  because  any  decrease  ifl  the  epeed  of  the  pis- 
ton must  also  decrease  the  speed  of  the  Ry  wheel.  There- 
fore, as  the  motion  of  the  fly  whet;)  must  necessarily  be 
aniform,  it  follows  that  the  suddea  revention  of  the  xtroke 
of  the  piston  mnst  cause  a  violent  shock  to  the  whole 
machine. 


(Murdoct't  Engine.    1799.} 

Mr.  W.  Mnrdock,  of  Redruth,  in  Cornwall,  obtained  a 
patent  in  1799,  for  a  better  method  of  boring  cylindeni, 
and  for  casting  the  steam  case  of  Watt's  engine  in  one 
entire  piece,  to  which  the  top  and  bottom  of  the  cylin^i 
are  attached.  He  also  proposed  to  cast  the  cylinder  and 
steam  case  of  one  piece  of  considerable  thickness,  and  bore 
a  '*  cplmdric  mto'Mlice"  between  the  caae  and  cylinder, 
leaving  them  attached  at  one  end!.'.'  In  another  part,  he 
proposes  to  simplify  the  construction  of  the  valves  of  the 
condensiog  eagioe,  by  connecting  the  upper  and  lower 
valves  so  as  to  work  with  one  spindle  orrod;  (hn  roil 
uliicb  connects  them  being  tubular,  answers  as  an  educ- 
tion pipe  to  the  upper  end  of  the  cylinder. 
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But  the  most  notable  invention  here  described  '.s  a  rota« 
tive  engine,  which  consists  of  two  toothed  wheels  working; 
into  each  other,  and  fitted  into  a  double  case,  resembling 
two  cylinders  with  a  segment  cut  off  each,  a  b  (page  127) 
are  the  two  axes  upon  which  the  two  wheels  D  D  are 
fixed.  The  teeth  are  sufiposed  to  be  packed  at  the  parts 
in  contact  with  the  exterior  cylinder.  The  teeth  which 
are  in  contact  are  so  fitted  as  to  prevent  any  escape  in  that 
direction.  Steam  being  introduced  at  the  pipe  z,  a  rota- 
tive motion  would  be  produced;  but  the  construction 
would  be  so  defective,  and  the  friction  so  great,  m  totally^ 
to  prevent  its  ever  answering  in  practice.  At  the  same 
time  we  ought  to  correct  an  erroneous  opinion  which 
many  have  formed  respecting  this  machine,  namely,  that  it 
would  not  move  at  all ;  it  being  thought,  that  as  the  surface 
of  the  teeth  e  e  is  as  great  as  that  of//,  consequently  there 
would  be  as  greats  tendency  to  turn  one  way  as  another, 
and  therefore  no  motion  would  be  produced.  But  it  will 
be  seen  that  as  the  teeth  e  e,  though  individually  of  equal 
superficies  with  //,  overlap  each  other,  the  surface  pre- 
sented to  the  action  of  the  steam  is  only  equal  to  one 
tooth,  therefore  the  effect  of  the  steam  (without  calculat- 
ing friction)  would  be  one  half  of  the  real  force. 

The  next  invention  we  have  to  describe,  will  conclude 
our  account  of  every  modification  of  the  steam  engine, 
possessing  genuine  merit,  with  which  our  researches  have 
enabled  us  to  become  acquainted,  up  to  the  end  of  the 
eighteenth  century. 

In  the  year  1800,  Mr.  Phineas  Crowther,  of  Newcastle 
upon  Tyne,  obtained  a  patent  for  a  method  of  dispensing 
with  the  beam  of  reciprocating  engines,  by  placing  the  fly 
wheel  immediately  above  the  piston,  a  represents  the 
cylinder ;  6  6  the  parallel  motion ;  and  c  the  connecting 
rod.  The  principle  will  be  seen  by  a  slight  inspection  of 
the  annexed  drawing,  without  further  explanation.  Mr. 
Crowther  constructed  several  good  engines  on  this  plan, 
which  were  found  to  succeed  very  well. 


CKOWTHER  8  PARALLEL  MOTION. 


(Crowther'»  Em^as.    1800.) 

The  Rev.  EMward  Cartwright  obtained  a  patent  fur  a 
Portable  Engine,  in  1801,  of  which  the  following  is  a 
deiuription. 

It  consists,  first,  in  so  disposing  the  different  parts  of  the 
steam  enf^ine,  as  that  the  boiler,  the  cylinder,  the  fly 
'heel,  aud  all  the  moving  partii  of  the  engine,  shall  be 
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embraced  by;  comprehended  within,  or  attached  to  a  frfime 
erectied  upon  the  boiler,  and  so  connected  toj^ether.  as  to 
makie  one  whole  or  perfect  machine ;  so  compact  as  to  be 
easily  portable;  and  requiring  no  further  trouble  and 
expense,  after  it  is  finished  at  the  manufactory,  than  to 
place  it  upon  the  fire^  when  it  will  be  immediately  ready 
for  the  office  for  which  it  is  intended ;  for  this  purpose,  it 
will  he  most  convenient  to  make  the  boiler  oblong,  and 
straight-sided,  with  a  flat  top,  placing  the  cylinder  within 
the  boiler;  a  position  which  has,  indeed,  been  already 
adopted  by  others,  though  for  a  different  purpose.  The 
frame  extends  lengthways  on  the  sides  of  the  boiler,  and 
may  project  a  little  beyond  that  end  of  the  boiler, where  are 
fixed  the  air-pum|i  and  condensei'.  To  the  part  of  the 
frame  so  projecting,  6he  ipr^pump  and  condenser  may  be 
attached  Or  suspended.  Across  the  frame  is  an  axle,  with 
a  pulley  upon  it,  round  which  goes  a  chain  or  strap,  to  the 
top  of  the  piston  rod.  Upon  this  axis  is  a  crank,  from 
which  goes  a  connecting  rod  to  a  lever,  lying  horizontally 
on  the  top  of,  or  alongside  Ae  bqiler.  Besides  the  axis 
above-mentioned,  there  is  another  axis  lying  across,  either 
immediately  above  or  below,  or  on  one  side,  of  the  former 
one.  Upon  this  axis,  which  is  the  axis  of  the  fly  wheel,  is 
a  crank,  from  which  goes  a  connecting  rod  to  the  same 
lever  that  was  spoken  of  before. 

Now  it  is  evident,  tliff  when  the  pulley  is  put  in  motion 
by  the  action  of  the  piston,  the  crank  upon  its  axis  will 
move  the  crank  upon  the  axis  of  the  fly  wheel,  as  they  are 
both  connected  to  the  same  lever.  If,  therefore,  the  pulley 
be  made  to  move  in  a  direction  from  A  to  B,  (see  fig.  1.) 
and  back  again,  by  the  action  of  the  piston,  and  its  coun- 
terweight ;  and  if  the  crank  ppon  its  axis  move  in  the 
same  direction  likewise,  the  crank  upon  the  axis  of  the  fly 
wheel  will  also  do  the,8$ime,  unless  it  be  made,  as  it  must 
be,  of  such  a  determinate  length  as  that,  when  it  reaches: 
the  extremity  of  its  motion,  it  can  pass  forwards ;  in  that 
case,  a  rotatory  motion  is  produced  on  the  fly  wheel. 
Again,  if  the  crank  upon  the  axis  of  the  pulley  be  so  dis^ 
posed,  as  that  when  the  pulley  moves  from  A  to  B,  or 
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through  any  space  not  exceeditig  a  complete  reTolution, 
(see  Ji^.  2.)  the  crank  sball  pass  from  C  to  E,  through  D, 
or  in  (hat  direction,  according  to  the  space  through  iThich 
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any  given  point  of  the  pulley  passes  the  crank,  will  give 
two  vibrations  to  the  lever  for  one  stroke  of  the  engine, 
which  will  give  two  revolutions  of  the  fly  wheel  in  the 
same  time.  Again,  if  the  diameter  of  the  pulley  be  so 
reduced,  as  that  the  stroke  of  the  engine  shall  make  the 
pulley  revolve  once  and  a  half  round  and  back  again,  the 
erank  will  occasion  the  lever  to  vibrate  three  times  for 
every  stroke  of  the  engine.  Again,  if  the  diameter  of  the 
pulley  be  so  reduced  as  that  it  shall  make  two  complete 
revolutions,  and  back  again,  for  one  stroke  of  the  engine, 
in  that  case,  the  crank  will  give  four  vibrations  to  the  lever 
for  one  stroke  of  the  engine,  and  the  fly  wheel  will  revolve 
four  times.  By  this  invention  the  fly  wheel  may  be  made 
to  run  with  any  requisite  velocity,  without  the  interven- 
tion of  any  liind  of  wheel-work. 

Secondly,  For  the  purpose  of  lessening  the  waste  ef 
power,  and  regulating  the  velocity  of  the  engine,  instead 
of  making  the  governor  act  upon  the  throttle  valve,  by 
causing  it  to  give  motion  to  a  wedge,  sliding  at  liberty 
backwards  and  forwards,  under  the  weight  which  keeps 
^he  stei^m  valve  open*  If  in  any  particular  case  it  should 
be  thought  convenient  to  have  the  fly  wheel  below,  its 
axis  must  be  placed  underneath  the  lever,  connecting  it  to 
the  lever  by  a  rod  as  before. 

Thirdfy.  When  a  reciprocating  motion  is  required 
horizontally,,  the  connecting  rod  of  either  crank  is  ex- 
tended as  far  below  the  lever  as  may  be  necessary,  and  at 
the  bottom  ;  that  which  is  wanted  to  have  a  reciprccatinji^ 
motion  hangs  to  it  in  a  joint. 

The  air-pump,  as  well  as  any  other  pump  that  may  be 
wanted,  is  worked  by  a  lever,  which  receives  action  by 
the  piston ;  and  to  such  lever  is  applied  the  necessary 
counterweight. 

If  the  engine  be  a  double  one,  there  must  be  a  double 
chain  or  strap*  round  the  puUey^so  that  the  piston  may  act 
upon  the  pulley,  both  in  its  descent  and  ascent.  Or  the 
action  may  be  given  to  the  axis  of  the  crank  by  a  rack  and 
pinion. 

A|  the  cylinder. 
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B,  the  boiler. 

C,  pulley  put  in  motion  by  the  piston  and  itacomi- 
terweight. 

D,  the  crank  upon  the  axis  of  the  pulley* 

E,  the  connecting  rod. 

F,  the  leVer. 

G,  the  fly  wheel. 

H,  the  crank  upon  its  axis. 

I,  rod  connecting  it  to  the  lever  F.* 

This  engine  is  portable  and  cheap,  but,  for  ingenuity, 
we  think  it  falls  short  of  Mr.  Cartwright^s  former  scheme. 
Racks  and  pinions  ought  to  be  avoided,  if  possible ;  neither 
do  chains  deserve,  in  our  opinion,  greater  commendation. 
Both  these  plans  are  inferior,  in  our  judgment,  to  many 
engines  in  actual  use  at  the  date  of  this  patent. 

Mr.  Matthew  Murray's  patent  of  1801,  contained  more 
meritorious  and  useful  schemes  than  his  former  patent, 
most  of  them  being  generally  in  use  at  the  present  day. 
We  shall  describe  his  valves,  commonly  called  nozzles, 
nossels,  or  nozles. 

o,  in  the  following  fignrey  is  the  pipe  conveying  steam 
from  the  boiler,  and  delivering  it  into  the  descending 
pipe  Pj  which  terminates  in  the  valve  9,  opening  to  the 
lower  part  of  the  cylinder  by  the  side  opening  marked  as 
a  shaded  parallelogram,  while  the  valve  r  opens  a  similar 
communication  with  the  upper  part  of  the  cylinder ;  so 
that  by  the  successive  opening  and  shutting  of  q  and  r, 
steam  is  admitted  above  and  below  the  piston :  s  is  the 
lower  end  of  the  eduction  pipe,  joining  on  to  the  conden- 
ser, and  this  pipe  opens  first  to  the  lower  part  of  the 
cylinder  by  the  valve  ^,  and  leads  also  by  a  perpendicular 
continuation  of  the  same  pipe  v,  to  a  valve  a,  by  which  a 
connexion  is  formed  with  the  upper  part  of  the  cylinder. 
The  two  apertures  into  the  cylinder,  called  nozzles,  are 
therefore  common  both  to  the  admission  of  steam,  and 
formation  of  the  vacuum,  which  is  regulated  simply  by 
the  working  of  the  valves.     For  as  the  figure  now  stands, 
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■    '(Murray's  Vt^ves.    1781.) 

ris  the  only  open  valve  in  the  steam  pipe ;  consequently, 
eteam  would  enter  above  the  piston  to  depress  it,  while  a 
vacuum  would  exist  below  it,  on  account  of  the  valve  I 
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hieing  open  to  the  condenser.  As  soon  as  the  piston  reaches 
the  bottom  of  the  cylinder,  the  valves  r  and  t  must  be 
«Iittt,  and  II  and  q  opened ;  when  the  steam,  being  no  longer 
able  to  get  through  r,  would  pass  down  the  pipe  p,  and 
enter  the  lower  part  of  the  cylinder  through  q ;  meantime, 
u  being  open  to  the  condenser  by  the  pipe  v,  would  cause 
the  necessary  vacuum  above  the  piston  to  permit  its  ascent, 
which  being  com|>leted,  the  valves  must  be  again  put  into 
the  position  Bhe#n  in  the  figure,  to  prdduce  its  descent, 
and  so  on.     It  will  be  sufficient  to  state  that  these  valves 
are  operated  upon,  either  by  levers  pacing  in  a  steam- 
tight  manner  through  the  side  pipes,  or  that  sometimes  the 
8pindle9^<^  the  valves  are  made  to  act  one  through  the 
-other  in  stuffing,  as  in  the  present  instance,  when  they  are 
worked  by  external  applications.     It  is  likewise  not  un- 
frequent  to  connect  a  steam  and  condensing  valve,  when 
they  are  required  to  open  and  shut  simultaneously,  by  an 
external  rod.    Motion  is  commnnicdted  to  the  valves  in 
such  engines  as  are  without  a  fly-whe^l,  by  a  rod,  or  beam, 
attached  to  the  engine  beam,  very  near  to  the  cylinder  end 
of  it,  and  called  a  plug-tree ;  Ibis  plug-tree  is  equipped 
with  certain  adjustable  projeetttons,  called  tftppetd,  which 
strike  the  levers  or  handles  of  the  valves,  and  thus  open 
and  shut  them  at  the  proper  intervals,:a8  they  rise  and  fall 
with  the  beam.* 

By  this  most  ingenious  contrivance  no  waste  of  steam 
arises,  excepting  in  the  small  aperture  between  the  valves ; 
the  friction  is  likewise  much  less  than  cither  slides,  cocks, 
or  indeed  any  other  kind  of  valve — the  only  resistance  to 
their  motion  being  the  pressure  upon  the  upper  side  by 
the  steam,  when  in  their  seats.    iTheir  cost,  compared  to 
that  of  the  slide-valve,  is  much  greater ;  but  as  they  are 
not  liable  to  wear,  and  work  with  great  accuracy,  the 
extra  expense  does  not  preyent  their  very  general  adop- 
tion for  large  engines. 

At   the  same   time  Mr.  Murray  described   a  new  air- 
pump,  i  1  which  the  air  in  the  condenser  was  discharged 
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from  the  air-pump  without  bd  efibrt  to  open  the  vaWea,  or 
press  through  a  body  of  water,  and  in  which  the  air  and 
water  were  discharged,  separately,  in  different  ways ;  this 
he  effected  by  discharging  the  air  alone  by  one  bucket,  and 
the  water  alone  by  another,  or  by  an  eduction  pipe  of 
twenty-eight  feet  in  length.  A  represents  the  condenser; 
B  the  air-pump ;  C  the  air  piston  ;  D  the  air  valve  which 
is  opened  and  shut  by  the  working  parts  of  the  engine,  and 
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fcas  an  elastic  rod ;  E  the  valve  for  discharging  the  aii  * 
P  the  exhausting  pipe,  having  a  free  commnnicatioii 
betwixt  the  condenser  and  the  top  of  tlie  air-pump,  wher 
the  valve  D  is  open  ;  G  the  eduction  pipe ;  K  a  bucket  fo 
lifting  the  vrater  upwards,  as  in  a  common  pump;  L 
foot  valve  for  preventing  a  return  of  the  water  during  the 
descend  of  the  bucket  K ;  M  the  barrel  of  the  pump  for 
discharging  water  alone.  This,  together  with  an  inspec- 
tion of  the  preceding  diagram,  will  serve  to  show  the 
nature  of  his  invention.  The  utility  of  the  separate  dis- 
charge of  the  air  and  water  is  unquestionable;  but  whe- 
ther this  will  compensate  for  the  increased  expense  and 
complexity,  can  only  be  ascertained  in  practice.  Mr. 
Murray^t  scheme,  however,  has  been  again  made  the  sub- 
iect  of  a  patent,  a  short  time  ago,  by  Mr.  George  Stephen- 
son, of  Neir^^astle. 

In  tlie  sjftfoe  year  <l80i)  Mr«  Bramah  obtained  a  patem' 
for  an  improvement  in  the  four-way  cock,  by  causing  it  U 
make  a  continnons  revolution,  instead  of  a  partial  one  (as 
osed  previously.)  By  this  method,  the  wear  was  more 
regular,  which  rendered  the  cock  durable,  and  it  was  like- 
wise more  certain  and  correct  in  its  action. 

Mr.  John  Nuncarrow's  engine,  for  giving  inotion  to  a 
water-wheel,  by  a  fall  obtained  by  the  power  of  steam, 
acts  upon  the  sume  principle  as  those  of  Papin  and 
Savery;  but  as  his  machine  possesses  many  great  advan- 
tages aver  theirs,  w^e  shall  offer  no  apology  for  its  insertion. 

A  is  the  receiver,  which  may  be  made  either  of  wood  or 
iron.  B  B  B  B  B  are  wooden  or  cast-iron  pipes,  for  con- 
veying the  water  to  the  receiver,  and  thence  to  the 
penstock.  C  the  penstock,  or  cistern ;  D  the  water  wheel ; 
E  the  boiler,  which  may  be  either  iron  or  copper ;  F  is 
the  hot  well  for  supplying  the  boiler  with  water ;  G  G  are 
two  cisterns  under  the  level  of  the  water,  in  which  the 
small  bares  B  B  and  the  condenser  are  contained.  H  H  H 
is  the  surface  of  the  water  with  which  die  steam  engine 
and  water  wheel  are  supplied ;  a  a  is  the  steam  pipe, 
through  which  the  steam  is  conveyed  from  the  boiler  to 
he  receiver ;  b  the  feeding  pipe,  for  supplying  the  boiler 
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with  hot  water ;  c  c  c  c  c  the  condensing  apparatus ;  d  d 
the  pipe,  which  conveys  the  hot  water  from  the  condensel 
to  the  hot  well  \  e  ee  valves  for  admitting  and  excluding 
the  water;  ffihe  injection  pipe,  and  g  the  injection  cock ; 
h  the  condenser. 

It  does  not  appear  necessary  to  say  any  thing  here  on 
the  manner  in  which  this  machine  performs  its  operations 
without  manual  assistance,  as  the  method  of  opening  the 
cocks,  by  which  the  steam  is  admitted  into  the  receiver  and 
condensed,  will  be  readily  conceived,  being  somewhat 
similar  to  the  apparatus  for  working  the  valves  of  the 
common  engine.  But  it  will  be  necessary  to  remark,  that 
the  receiver,  penstock,  and  all  the  pipes,  must  be  pre- 
viously filled,  before  any  water  can  be  delivered  on  the 
wheel ;  and  when  the  steam  in  the  boiler  ha^  acquired  a 
sufficient  strength,  the  valve  as  at  c  is  open,  and  the  steam 
immediately  rushes  from  the  boiler  at  E  into  the  receiver 
A;  the  water  descends  through  the  tubes  A  and  B,  and 
ascends  through  the  valve  e,  and  the  other  pipe  or  tube  B, 
into  the  penstock  C.  I'his  part  of  the  operation  being 
performed,  and  the  valve  c  shut,  that  at  a  is  suddenly 
opened,  through  which  the  steam  rushes  down  the  conden- 
sing pipe  c,  and  in  its  passage  meets  with  a  jet  of  cold 
water  from  the  injection  cock  9,  by  which  it  is  condensed  ; 
a  vacuum  being  made  by  this  means  in  the  receiver,  the 
water  is  driven  up  to  fill  it  a  second  time,  through  the 
valves  e  e,  by  the  pressure  of  the  external  air,  when  the 
steam  valve  at  c  is  again  opened,  and  the  operation  re- 
peated for  any  length  of  time  that  the  machine  is  required 
to  work. 

There  are  many  advantages  which  a  steam  engine  on 
this  construction  possesses,  beyond  any  thing  of  the  kind 
hitherto  invented ;  a  few  of  which  the  inventor  thus 
enumerates : — 

1st.  It  is  subject  to  little  or  no  friction. 

2dly.  It  may  be  erected  at  a  small  expense,  when  com* 
pared  with  any  other  sort  of  steam  engine. 

3diy.  It  has  every  advantage  which  may  be  attributed 
to  Boulton  and  Watt's  engines,  by  condensing  out  of  the 


receiver,  either  in  the  penstock  or  at  the  letel  of  the 
water.  ^ 

4thiy.  Another  very  great  advantage  is,  that  the  water 
in  the  apper  part  of  the  pipe  adjoining  the  receivei* 
ac<|uives  s  heat  by  its  being  in  frequent  contact  with  the 
steiMD^  very  nearly  eq,ual  te  that  of  bailing  water :  hence 
the  receiver  is  always  kept  uniformly  hot,  as  in  the  case  of 
Boulton  and  Wattes  engines. 

6thly.  A  very  small  stream  of  water  is  sufficient  to  sup* 
ply  this  engine,  even  where  there  is  no  foil;  for  all  the 
water  raised  by  it  is  returned  into  the  reservoir  H  H  H. 
From  the  foregoing  reasons  it  would  seem  that  no  kind  of 
steam  engine  is  better  adapted  to  give  rotary  motion  to 
machinery  of  every  kind  than  this.  Its  form  is  simple, 
and  the  materials  of  which  it  is  composed  are  cheap ;  the 
power  is  more  than  equal  to  any  other  maehine  of  the 
kind,  because  there  is  no  deduction  to  be  made  for  fric- 
tion, except  on  account  of  turning  the  cocks,  which  is  but 
trifling. 

But  it  should  be  observed  on  the  other  hand,  that  one 
of  the  properties  of  this  machine,  enumerated  by  the  in- 
ventor as  an  advantage,  would  be  found  rather  a  defect 
than  otherwise;  we  allude  to  the  water  in  the  upper  part 
of  the  pipe  being  heated  by  the  steam.  For  though  leas 
steam  would  be  lost  by  condensation,  yet  it  should  be 
remembered  that  it  is  impossible  to  form  a  vacuum  on  the 
surface  of  boiling  water.r  The  only  way,  therefore,  that 
the  water  could  be  raised  up  the  column  B,  would  be  by 
the  condensation  in  C  being  more  rapid  than  the  i  i/OJn 
could  be  generated  from  the  boiling  water  in  B.  But  we 
apprehend  steam  would  be  generated  thus  almost  as  quickly 
as  it  could  be  condensed,  and  therefore  the  operation  oi 
filling  B  would  prove  very  slow.  The  addition  of  a  noa- 
conducting  float  might  probably,  in  part,  obviate  tbia 
objection. 

Mr.  Oliver  Evans,  of  America,  whose  claim  to  the  in- 
vention of  the  Steam  Boat  will  be  noticed  in  its  proper 
place,  succeeded  in  constructing  several  extremely  simple 
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and  powerfal  steam  engines  >  the  general  principle  of 
which  will  be  sufficiently  explained  by  the  subjoined  de* 
scription. 

Id  the  annexed  figure^  A  is  the  boiler,  B  the  working 
cyliji(ier,  C  the  lever  beam,  D  the  fly  wheel,  E  the  cistern 
or  coh|le|Mier,'{^  the  cold-water  pump,  6  the  supply  pump, 
H  kne  ^r^^fMae,  I  the  chimney  Sue,  K  the  safety  valve^ 
wliich  may  be  loaded  with  from  100  to  150  lbs.  to  the  inch 
area ;  it  will  never  need  more,  and  it  must  never  be  fast- 
ened down. 

The  boiler  being  filled  with  pure  water  (rain  or  dis- 
tilled) as  high  as  the  dotted  line,  and  the  fire  applied,  the 
amoke  enters  the  centre  flue,  which  passes  through  the 
centre  of  the  water  to  ascend  the  flue  I,  and  thus  acts  on 
a  large  surface. 

When  the  steam  lifts  the  safety  valve,  it  is  let  into  the 
cylinder  by  opening  the  throttle  valve,  and  drives  the 
piston  up  and  down,  which,  by  the  rod  1,  gives  motion  to 
the  fly  wheel ;  and  the  wheel  2  gives  motion  to  a  shaft, 
passing  through  the  supports  of  the  cylindef*  to  turn  the 
spindle  of  the  rotary-valves,  3, 8,  which  lets  the  steam  both 
into  and  out  of  the  cylinder,  at  the  proper  time. 

The  steam,  escaping  by  the  pipe  4,  curved  backwards 
and  forwards  in  a  zigzag  form,  and  immersed  in  the  water 
in  the  cistern  E,  (which  is  supplied  by  the  cold-water  pump 
F,)  is  condensed ;  and  the  distilled  water  formed  thereby 
descends,  by  the  pipe  5,  into  the  supply  pump  6,  and  iiri 
forced  into  the  boiler  again  by  the  pipe  6. 

But  as  boiling  disengages  air  from  the  water,  so  the 
shifling-valve,  7,  is  necessary.  This  valve  lifts  at  every 
puiT  of  the  steam,  and  a  small  quantity  escapes;  it  then 
shuts,  and  a  vacuum  is  instantly  formed,  as  the  crank 
passes  the  dead  points. 

The  small  waste  of  water  may  be  replaced  by  condensing 
water  in  the  cistern  E,  and  causing  it  to  run  down  the 
pipe  G,  through  a  hole  in  the  key  of  a  stop-cock,  one-32d 
part  of  an  inch  in  diameter;  a  ^mall  hole,  indeed,  to  supply 
a  boiler  of  a  steam  engine,  of  twenty  horses*  power. 


143  OLIVER  ETANS's  HIGH -PitBSBUaE  ENGINE.. 


{Oliver  Evans's  High-Rr^ssure  Engine.     1786.) 
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In  1891, Messrs.  John  and  James  Robertson,  oFGlasgow, 
obtained  a  patent  for  an  improved  steanHeugine,  the  form 
of  which  differs  little  in  construction  from  many  other 
cng^ines,  except  that,  in  place  of  one  working  cylinder,  in 
these  there  are  two ;  in  this,  the  lesser  cylinder  (n)  is  placed 
en  the  top  of  the  larger  (m),  and  made  fast  to  it.  To  each 
cylinder  there  is  a  piston  fitted,  wihich  are  connected  to- 
gether by  a  cylinder  D:  or  this  cylinder  is  so  made  as  to 
have  the  pistons  in  one  piece  with  it.  This  cylinder  is 
made  so  that  it  may  nearly  fill  the  small  cylinder  it;  that 
is,  that  it  may  work  ap  and  down  so  that  the  external  sur- 
fiu^  of  the  one  may  not  rub 
on  the  internal  surface  of  the 
other.  The  steam  and  con- 
ducting pipes,  with  the  yal ves, 
are  explained  in  the  accompa- 
nying diagram  and  following 
description  of  the  operation 
of  the  engine: — 

*'  JLet  the  worki  jg  handles, 
with  the   ralves,   be  placed 
in  such  a  manner,  that  steam 
from   the    boiler  may    have 
free  access  through  the  pipes 
and  cylinders  into  the  con« 
densing  vessel,   to    free  the 
whole  of  the  air,  as  in  the 
osual  manner.     When  this  is 
done,  the  engine  is  set  to  work 
by  the  valves  6  and  c  being 
shut,  and  by   that  of  a  left 
open,  and  water  let  into  the 
condensing  vessel  C,  when  a 
vacuum  takes  place  in  it  by 
means  of  the  condensation  of 
the  steam,  and  also  in  the  un- 
der part  of  the  large  cylin- 
der m,  below  its  piston  (there 
heinff  a  coniniunication  from  rr,    .  t    «  x  *    .  r.    .     «<>/..« 
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condensing  vessel  by  the  pipe  F)  ;  at  the  same  time  the 
steam  from  the  boiler  has  free  access  through  the  pipe  Aj 
and  valve  a  into  the  small  cylinder  n,  above  its  piston  A,  and 
exerts  its  force  upon  it^  and  presses  it  downwards  with  as 
much  force  as  in  the  usual  manner.  But  as  it  is  found, 
from  experience,  that  a  considerable  quantity  escapes  past 
the  piston  :  this  piston  is  in  part  detained  by  the  secondary 
piston  gy  and  exerts  its  force  on  that  part  er  annular  section 
5  s  that  is  contained  betwixt  the  cylinders  m  and  D,  and 
assists  in  forcing  the  whole  downwards ;  while,  at  the  same 
time,  the  steam  which  is  lodged  in  this  annular  space  s  5, 
and  around  the  cylinder  D,  prevents  so  g^eat  a  quantity 
from  escaping  past  the  first  piston,  as  would  otherwise  be 
the  case  where  there  is  no  secondary  piston,  and  the 
vacuum  is  mu«h  more  complete  below  the  first  piston,  con- 
sequently there  is  a  greater  power  produced  from  a  smaller 
quantity  of  steam  than  with  a  single  piston.  During  the 
time  of  the  piston^s  decent,  the  steam  valve  a  is  shut,  and 
the  elasticity  of  the  steam  within  the  cylinders  carries  the 
pistons  forward  to  near  the  bottom  of  these  cylinders, 
when  the  valves  6  and  c  are  opened  by  the  handles  and 
plug-work  admitting  the  steam  to  pass  from  the  upper 
sides  of  both  pistons  through  the  pipes  B  and  E  to  the 
condensing  vessel  C,  while  the  counter-weight  at  the  other 
end  of  the  beam,  or  this  connected  with  a  fly  wheel  raisea 
the  pistons  again,  when  the  valves  6  and  c  are  shut,  and 
that  of  a  opened  by  the  plug- work,  when  the  engine  makes 
another  stroke  as  before.  The  piston  rod  R  joins  the 
working  beam  in  any  of  the  usual  modes,  and  in  other 
respects  the  engine  is  much  the  same  as  in  common  practice.*^ 
The  same  specification  describes  amost  ingenious  method 
of  constructing  the  furnace,  by  which  the  smoke  was  par^ 
tially  consumed,  instead  of  being  discharged  as  hitherto 
through  the  chimney.  Messrs*  Robertson  have  the  credit 
of  being  the  first  who  succeeded  in  this  project.  After  the 
adoption  of  this  plan,  several  manufacturers,  for  not  using 
the  improvement,  had  their  works  indicted  as  nuisances, 
as  the  smoke  incommoded  many  neighbourhoods  so  much, 
that  some  manufactories  were  stopped  on  account  of  it* 


BOBBBTBOMt'  BHOKE'COIIBUHINO  FCBKACB.         146 

The  invention^  in  principle,  consists  in  supplying  tha 
burning  fuel  more  fully  witfa  air,  having  this  fuel  more  in 
a  body  together,  and  a  less  quantity  in  combiution,  at  the 
nme  time,  than  what  nsually  takes  place  in  other  ftimace^ 
which  are  applied  to  the  same  uses;  in  supplying  the  fue> 
with  •  portion  of  freih  air,  admitted  from  an  opening  made 
for  that  pnrpoHe,  and  directed  in  snch  a  manner  as  it  may 
cone  in  contact  with  the  smoke,  from  the  kindling  coal 
and  great  faeat  of  the  furnace  together;  and  the  fuel  being 
more  fully  supplied  with  air,  and  consequently  a  greater 
degree  of  heat  taking  place,  and  the  smoke  and  fresh  air 
uniting  in  the  great  heat,  the  smoke  is  inflamed,  and  ren- 
dered useful  in  adding  to  the  heat  of  the  furnace ;  besides, 
this  portion  of  fVesh  air  is  so  conducted  as  to  act  partly  on 
the  kindling  or  kindled  fuel,  and  raising  it  to  a  greater 
degree  of  faeat  after  it  has  served  its  purpose,  by  uniting 
with  and  inflaming  the  smoke ;  and  therefore  is  employed, 
in  some  measure,  usefully,  eren  after  the  coal  has  ceased 
tosmoke  :  secondly,  to  the  above  may  be  added,  the  frame 
of  the  furnace,  which  is  so  constructed  that  the  fulNkindled 
fiiel  is  kept  backward  in  the  furnace,  while  (he  fresh  coal 
lies  before,  and  is  more  gradually  kindled  than  if  iotro- 
dtMed  fiirther  among  the  full-kindled  fuel,  while  the  heat 
of  the  fnmace  is  little  injured  or  damped  by  the  introduc- 
tion of  fresh  coal,  as  is  more  fully  described  afterwards. 


\JnkitSfJat.Sob€rit»n'9Smoke-contumingFurnact.  1801.) 

T.  V 


14C        ROBERTSONS*  KMOKE-CONBUMINO  FHRNACB, 

The  coal  is  admitted  into  the  fornace  by  a  hopper^ 
feeder,  or  mouth-piece  A,  made  of  cast  iron,  but  which 
may   be  made  of  other  materials,  and  inclined  to  the 
horizon;  so  that  the  coal  in  it  may,  in  some  measure,  fall 
into  (he  fire-place  above  the  bars,  as  the  fuel  isconsumed ;  in 
the  upper  part  of  this  hopper,  feeder,  or  moutb«piece,  is  a 
plate  a,  placed  at. a  small  distance,  or  from  about  three- 
eighths  to  three-fourths  of  an  inch  ftom  the  upper  side  of 
the  hopper,  betwixt  Which,  plate  and  the  upper  plate,  or 
side  of  the  hopper,  a  stream  of  air  rushes  downward  on 
the  fire,  at  an  angle  of  45  degrees  to  the  horizon,  which 
stream  of  air  'a«iists  in  consuming  the  smoke,  as  before 
mentioned,  and  more  fully  described  hereafter.   B  is  a  sec* 
tion  of  the  bars,  which  are,  in  general,  a  little  inclined  to 
the  horizon,  as  in  the  figure,  in  order  that  the  fuel  may  more 
easily  fall,  or  be  pushed  bfickwarda  in  the  furnace;  at  c  is 
an  opening  above  the  bars,  and  below  the  lower  end  of 
the  hopper,  which  is  in  general  fitted  with  a  grated  door 
or  doors,  which  open  for  the  more  convenient  cleansing  of 
the  furnace;  and  the  grated  form  of  the  doors  is  also  de* 
si<rned  for  admitting  air  into  the  fuel,  as  well  as  at  the 
bars,  consequently  the  air  is  more  concentrated  in  the  mid* 
die  of  the  burning  fuel,  and  produces  a  gtfiRter  heat  than 
if  admitted  only  betwixt  the  bars ;  this  .grated  form  of  the 
doors  is  very  convenient  for  the  admission  of  a  poker  or 
instrument  for  pushing  backward  the  kindled  fuel,  while 
the  fresh  coal,  or  that  which  is  not  so  well  kindled,  fells 
to  supply  its  place.  In  some  modifications  of  these  furnaces, 
the  opening  below  the  lower  end  of  the  hopper,  and  above 
the  fore-end  of  the  bars,  is  left  without  doors  at  all ;  at 
this  opening  it  is  convenient,  when  the  fire  is  mended,  to 
push  the  coal  from  the  foreside  backward,  as  mentioned 
above,  or  it  may  be  pushed  backward  with  a  hooked  poker, 
P,  by  applying  the  hooked  part  of  it  through  the  furnace 
bars  below;  by  either  of  which  means  the  kindled  coals 
are  put  backwards,  while  the  fresh  coal,  or  that  which  in 
lot  so  well  kindled,  falls  down  to  supply  their  place;  tliat 
is,  the  coals  in  the  situation  c,  are  pushed  towards  d,  while 
those  in  the  situation  /  fall  down  to  supply  the  place  of 
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those  which  were  driven  from  c  towards  d;  by  sach  meaiitf 
the  strength  or  heat  of  the  fire  is  not  much  damped  by  the 
introduction  of  fresh  coal,  and  the  coals  which  have  fallen 
fromy  towards  c  are  not  so  rapidly  kindled,  as  if  introduced 
above  the  baming  fuel ;  at  the  same  time  the  smoke,  which 
arises  from  these  newly-introduced  coals,  passes  partly 
through  the  fuU  kindled  coal  and  partly  over,  and  in  con- 
tact with  the  great  heat  of  the  burning  fuel,  and,  meeting 
at  the  same  time  with  the  current  of  fresh  air  coming 
downwards,  and  tending  also  to  drive  the  smoke  still 
nearer  to  the  bright  kindled  fuel,  does,  in  general,  com- 
pletely inflame  the  smoke,  and  render  it  useful  in  adding 
to  the  heat'of  the  furnace* 

Another  end  obtained  by  the  stream  of  fresh  air,  is  to 
keep  in  some  measure  the  great  heat  of  the  furnace  from 
acting  so  violently  on  that  part  of  the  hopper  which  is 
nearest  it,  and  mostly  exposed  to  its  heat,  and  liable  to  be 
damaged  thereby,  which  it  does  by  the  continual  current 
of  fresh  cool  air  that  is  in  contact  with  those  parts.  The 
construction  of  the  furnace  may  be  much  varied,'  but  the 
chief  improvements  are,  that  the  fuel  in  combustion  is 
supplied  with  air  by  the  foreside  as  well  as  by  the  bars; 
the  hopper  is  placed  in  such  a  situation  that  the  kindled 
or  unkindled  coal  may  in  part  fall  to  the  foreside  of  the 
fbmace  above  the  bars,  as  the  other  fuel  is  pushed  back- 
ward in  the  furnace,  and  the  admission  of  fresh  air  to  pass 
over  the  burning  fuel  by  means  of  a  definite  space  or 
spaces,  opening  or  openings,  made  for  that  purpose;  so 
that  this  stream,  current,  or  currents  of  air,  partly  come 
in  contact  with  the  burning  fuel  itself,  forcing  also  the 
smoke  into  more  immediate  union  with  the  burning  fuel 
and  great  heat  of  the  furnace.  The  success  of  the  furnace 
depends  also  in  a  considerable  degree  upon  what  is  called 
the  draught  of  the  furnace;  that  is,  the  chimney  and  flues 
are  so  constructed,  that  a  sufficient  current  of  air  may  pass 
through  the  fire  to  bring  it  to  a  proper  degree  of  heat; 
also,  that  the  current  of  fresh  air  may  have  such  force  as 
to  come  pretty  much  in  contact  with  the  burning  fuel,  and 
to  cc  nvey  (he  smoke  along  with  it  through  the  hottest  oj 
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the  flame :  if  this  be  not  the  case,  the  smoke  will  not  be  so 
eompletely  consumed  in  these  furnaces.  The  hopper  is 
allowed  to  be  kept  as  full  of  coals  as  possible,  and  either 
wholly  or  in  part  small  coal,  so  as  to  prevent  air  as  much 
as  possible  getting*  in  by  that  passage ;  this  must  be  at- 
tended to,  when  the  furnace  is  in  its  ordinary  working  state : 
yet  sometimes  it  is  necessary  to  keep  this  opening  of  the 
hopper  either  wholly  or  in  part  open,  when  there  is  little 
heat  wanted. 

The  utility  of  this  scheme  was  sufficiently  proved  by  the 
very  general  adoption  which  followed  its  publication. 
The  combustion  of  smoke  is  now  established  as  not  only 
practicable,  but  economical^— it  being  a  fact,  that  all  the 
smoke  discharged  from  a  chimney  is  but  so  much  good  fuel, 
which  wants  only  the  proper  application  of  air  to  render 
it  usefuL  It  is  equally  true,  that  the  flame  which  is  fre- 
quently at  the  top  of  furnace  chimneys  has  no  existence 
but  at  the  top ;  while  ascending  the  flue,  it  is  merely  dense 
smoke,  consisting  of  azote  of  the  atmospheric  air,  decom* 
posed  in  passing  through  the  fire  ;  of  hydrogen,  coal-tar, 
and  carbonaceous  matter,  of  such  a  high  temperature  that 
it  only  wants  oxygen  to  make  it  inflame  spontaneously; 
this  it  obtains  from  the  atmospheric  air,  into  which  it  as* 
cends,  and  then  presents  such  appearances  as  would  make 
a  hasty  observer  adopt  the  opinion,  that  the  flame  had 
ascended  as  flame  from  the  fuel  in  the  furnace,  which  is  by 
no  means  the  case. 

Messrs.  Trevithick  and  Vivian^s  High-Pressure  Engine 
(patented  in  1802)  has  been  found  the  most  compact,  simple, 
and  effective  engine,  perhaps,  ever  known.  In  an  early 
part  of  this  work  reasons  are  given  for  the  superiority  of 
high-pressure  over  condensing  engines;  and  we  shall  only 
now  say,  that  Messrs.  Trevithick  and  Vivian *s  engine  has, 
of  all  others  on  this  principle,  obtained  the  highest  repu- 
tation. 

^' A,  (fig.  1.)  represents  the  boiler,  made  of  a  round 
figure,  tc  bear  the  expansive  action  of  strong  steam.  The 
boiler  is  fixed  in  a  case,  D,  luted  inside  with  fire  clay,  the 
lower  part  pf  which  constitutes  the  fire-place,  B,  and  the 
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(FIG.  1.) 


(Trevitkick  and  Vivian's  Higk-Praatre  Oigine     IW2J 

upper  carily  affords  a  apace  round  the  boiler,  in  which  the 
flame  or  heated  vapour  circulates  till  it  comes  to  the  chim- 
ney, E.  The  case,  D,  and  the  chimney  are  fixed  upon  a 
platform,  F,  the  case  being  supported  upon  four  legs  ;  C 
represents  the  cylinder,  inclosed  for  the  most  part  in  the 
boiler,  baring  its  nozzle,  steam-pipe,  and  bottom,  cast  all 
ill  one  piece,  in  order  to  resist  the  strong  steam,  and  witli 
the  aoeketa  in  which  the  iron  uprights  uf  thi  e^tcriiiil 


150  TBBF1THIC&  AND  VIVlAN^S 

frame  are  firmly  fixed.  G  represents  a  cock  for  conductiog 
the  steam,  as  may  be  more  clearly  seen  by  observing  fig.  2, 
which  is  a  plan  of  the  top  of  the  cylinder.  6,  Figs.  1  and  2, 
represent  the  passage  from  the  boiler  to  the  cock,  G ; 
this  pasage  has  a  throttle  valve,  or  shut,  adjustable  by  a 
handle,  so  as  to  wiredraw  the  steam,  and  suffer  the  supply 
to  be  quicker  or  slower.  The  position  of  the  cock  is  such, 
that  the  communication  from  the  boiler,  through  6,  by  a 
channel  in  the  cock,  is  made  good  to  d,  which  denotes  the 
upper  space  of  the  cylinder  above  the  piston,  at  the  same 
time  that  the  steam  pipe,  a,  (more  fully  represented  in 
Fig.  1.)  is  made  to  afford  a  passage  from  the  lower  space 
in  the  cylinder  beneath  the  piston  to  the  channel,  C, 
through  which  the  steam  may  escape  into  the  outer  air,  or 
be  directed  or  applied  to  heating  fluids,  or  other  useful 
purposes.  It  will  be  obvious  that,  if  the  cock  be  turned 
one  quarter  of  a  turn  in  either  direction,  it  will  make  a 
communication  from  the  boiler  passage,  b,  to  the  lower 
part  of  the  cylinder,  by  or  through  a,  at  the  same  time  that 
the  passage  r,  from  the  upper  part  of  the  cylinder,  will 
communicate  with  C,  the  passage  for  conveying  off  the 
steam.  P  Q  is  a  piston  rod  moving  between  guides,  and 
driving  the  crank,  R  S,  by  means  of  the  rod,  Q  R,  the 
axis  of  which  crank  carries  the  fly,  T,  and  is  the  first  mover 
to  be  applied  to  drive  the  machinery  at  S.  X  T  is  a  double 
snail,  which  in  its  rotation  presses  down  the  small  wheel  O, 
and  raises  the  weight,  N,  by  a  motion  in  the  joint,  M,  of 
the  lever,  O  N,  from  which  downwards  proceeds  an  arm, 
M  L,  and  consequently  the  extremity,  L,  is  at  the  same 
time  urged  outwards.  This  action  draws  the  horizontal 
bar,  L  I,  and  carries  the  lever  handle,  H  I,  which  moves 
upon  the  axis  of  the  cock,  G,  through  one-fourth  of  a  cir- 
cle. It  must  be  understood  that  H  I  is  fore-shortened, 
(the  extremity,  I,  being  more  remote  from  the  observer 
than  the  extremity,  H,)  and  also  there  is  a  clack  or  ratchet 
wheel  on  the  part,  H,  which  gathers  up  during  the  time 
that  Li  is  passing  outwards,  and  does  not  then  move  the 
cock,  G,  but  that,  when  the  part  X,  of  the  snail  opposite 
O,  that  is  to  say,  when  the  piston  is  about  the  top  of  ita 
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stroke,  then  the  wheel,  O,  suddenly  falls  into  the  concavity 
of  the  snail ;  and  the  extremity  of  L,  by  its  return,  at  once 
pushes  I  H  through  the  quarter  circle,  carries  with  it 
the  cock,  Gr,  and  turns  the  steam  upon  the  top  of  the  pis- 
ton, and  also  affords  a  passage  for  the  steam  to  escape  from 
beneath  the  piston.  Every  stroke,  whether  up  or  down, 
produces  this  effect  by  the  half  turn  of  the  snail,  and  re- 
verses the  steam  ways,  as  before  described ;  or  the  cock 
may  be  turned  by  various  well-known  methods,  such  as  the 
plug  With  pins  or  clamps  striking  on  a  lever  in  the  usuafl 
way,  and  the  effect  will  be  the  same,  whether  the  quart^ 
turns  be  made  backward  or  forward,  or  by  a  direct  circu- 
lar motion,  as  is  produced  by  the  machinery  here  repre- 
sented ;  but  the  wear  of  the  cock  will  be  more  uniform  and 
regoiar,  if  the  turns  be  all  made  in  the  same  way.' 

The  same  specification  likewise  describes  a  very  simple 
and  ingenious  method  of  giving  motion  to  the  fly  wheel,  bv 
making  the  piston  rod  of  an  inflexible  |bar,  and  connectinr 
it  at  once  with  the  crank.  The  cyliiider  and  boiler  are 
allowed  to  vibrate  on  pivots,  and  thereby  follow  the  rer- 
volving  of  the  crank.  The  drawing  here  given  represent^ 
also  the  outline  of  a  machine  for  rolling  sugar  canesL 
thereby  showing  at  once  the  connexion  of  the  engine  with 
the  machinery  of  the  mill.  i 

^  In  the  subjoined  diagram,  the  wojfking  cylinder,  C, 
with  its  piston,  steam  pipe,  nozzle  and  cock,  are  inserted 
in  the  boiler,  as  here  delineated.  The  piston  rod  drives  the 
fly,  upon  the  arbor  of  which  is  fixed  a  small  wheel  which 
drives  a  great  wheel  upon  the  axis  ;  the  guides  are  renr 
dered  unnecessary  in  this  application  of  the  steam  engine, 
because  the  piston  rod  is  capable,  by  a  horizontal  vibra- 
tory motion  of  the  whole  engine  upon  its  pivots,  O,  to 
adapt  itself  to  all  the  required  positions;  and  while  the 
lower  portions  of  the  chimney  partake  of  this  vibratory 
motion,  the  upper  tube,  E  F,  is  enabled  to  follow  it  by  its 
play  upon  the  two  centres  or  pivots  in  the  ring  above.  In 
such  cases,  or  constructions,  as  may  render  it  more  desira- 
ble to  fix  the  boiler  with  its  chimney  and  other  apparatus, 
and  to  place  the  cylinder  out  of  the  boiler,  the  cylinder 
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ilself  may  be  suspended  *  for  the  same  purpose  upon  <run« 
nions  or  pivots  in  the  same  manner,  and  one  or  both  may  be 
perforated,  so  as  to  admit  the  introduction  and  escape  of 
the  steam,  or  its  condensation.  And  in  such  cases,  where  it 
may  be  found  necessary  to  allow  of  no  vibratory  motion 
of  the  boiler  or  cylinder,   the  same  may  be  fixed,  and 
guides  be  used.     The  manner  in  which  the  cock  is  turned 
is  not  represented  in  the  two  drawings,  but  every  compe** 
tent  workman  will,  without  difficulty,  understand  how  the 
stroke  of  pins  duly  placed  in  the  circumference  of  the  fly, 
and  made  to  act  upon  a  cross  fixed  on  the  axis  of  the  cock^ 
or  otherwise,  will  produce  the  motion.     The  steam  which 
escapes  in  this  eagine  is  made  to  circulate  in  the  case  round 
the  boiler,  where  it  prevents  the  external  atmosphere  from 
affecting  the  temperature  of  the  included  water,  and  affords 
by  its  partial  condensation  a  supply  for  the  boiler  itscU, 
and  is  or  may  be'-afterwards  directed  to  useful  purposes.'* 
This  latter  plan,  namely,  the  vibrating  cylinder,  looks 
well  in  theory,  but  we  fear  in  practice  it  would  be  fonnd, 
very  imperfect.     Reciprocation,  as  we  have  shown,  is  a 
great  destroyer  of  power,  and  here  the  Whole  engine, 
boiler,  water,  cylinder,  fire-grate,  and  all  the  apparatus, 
are  constantly  moving  backwards  and  forwards,  and  all 
this,  too,  merely  to  dispense  with  the  guide  wheel  and  con* 
necting  rod* 

Mr.  Matthew  Murray,  of  Leeds,  obtained  a  patent  for  • 
Portable  Engine,  in  1802,  which  displays  much  novelty 
aud  ingenuity.  The  annexed  figs.  1.  and  2.  represent  front 
and  side  views  of  the  combination  of  parts  of  this  engine. 

^^  A  the  steam  cylinder  ;  B  the  piston  rod  ;  C  C,  connect- 
ing-rods, for  connecting  the  piston  rod  to  the  pin  in  the 
wheel  D ;  E  a  wheel,  fixed  to  the  side  of  the  cistern  T, 
with  the  teeth  inwards,  to  admit  the  teeth  of  the  wheel^  D, 
for  the  purpose  of  giving  a  parallel  direction  to  the  rods, 
C  C  ;  F  a  plain  wheel,  upon  the  fly-wheel  shaft,  G ;  the 
wheel,  F,  is  furnished  with  a  double  conical  centre,  for 
the  wheel,  D,  to  run  upon;  I  is  a  cistern  or  frame  of 
plates,  on  and  in  which  the  whole  combination  of  mate- 
rials cMistiiuting  this  engine  is  fixed ;  K  K  two  wheels^ 
7.  X 
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one  upon  the  fly-wlieel  shaft,  G,  the  other  upon  the  crank 
shaft,  Li  ;  these  wheels  and  crank  are  for  the  purpose  o 
working  the  lever,  R,  in  fig.  2,  which  lever  gives  imme- 
diate iBotion  to  the  air-pump,  P,  and  the  cold  and  hot 
water  pump ;  T  is  an  iron  bar  for  supporting  the  shaft ; 
M  is  a  slide  valve  for  opening  and  shutting  the  communica- 
tion of  the  steam  pipes,  marked  N  N  N,  and  is  described  in 
figs.  3, 4,  S,  6,  and? ;  a  motion  for  the  slide  valve  is  taken 
from  the  crank  shaft,  L,  by  levers,  or  otherwise,  as  the 
nature  of  the  valve  may  require.    The  parts  so  combined 
form  a  perfect  engine,  without  requiring  any  fixture  of 
wood,  or  any  other  kind  of  framing  than  the  ground  it 
stands  upon,  which  is  transferable  without  being  taken  in 
pieces,  the  motion  of  the  fly-wheel  shaft  giving  circular 
power  to  any  process  or  manufactory  requiring  circular 
motion,  or  irrigating  land,  or  for  the  various  purposes  of 
agriculture.  Figs.  8, 4, 5,  6,  and  7,  represent  various  forms 
of  the  new  slide-valve,  in  its  application  to  the  steam- 
engine  ;  the  principle  of  which  consists  in  moving  in  a  cir- 
cle, part  of  a  circle  or  straight  line,  by  means  of  flat  surfaces 
or  faces  (or  nearly  so)  sliding  or  moving  upon  each  other, 
for  the  purpose  of  uniting  the  necessary  apertures  in  the 
steam  pipes  or  cylinders.     Fig.  3.  is  a  view  of  a  circular 
flat  sliding  valve ;  the  dotted  lines  show  the  avenues  to 
the  steam  pipes,   a  1,  is  a  figure  representing  the  upper  or 
moveable  part  of  the  slide  valve,  fig.  3.  where  the  con- 
ducting or  uniting  cells  are  formed  :  there  is  a  circular 
spring  for  compressing  a  1  to  the  face  of  the  slide  valve  in 
fig.  3,  so  as  to  render  them  perfectly  steam  and  air  tight, 
which  perfection  they  will  naturfilly  acquire  by  constantly 
rubbing  upon  each  other.    Figs.  4,  6, 6,  and  7,  show  four 
varieties  of  the  slide  valve,  for  working  double  or  single 
powers,  a 2,  a  3,  a  4,  and  a  5,  contain  the  cells  for  conduct- 
ing to  the  different  apertures  or  steam  ways.    Any  further 
description  is  unnecessary,  as  the  drawings  will  convey  to 
•oy  one  the  principles  of  these  inventions."* 


*  Snerifiration  of  Patent. 
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This  iiig^entous  apparatus,  thoagh  possessing  mueh  merit, 
infringed,  it  appears,  on  the  patent  right  of  Messrs.  Boul* 
ton  and  Watt,  and  the  patent  was,  therefore,  repealed  in 
1803.  An  engine  on  this  plan  has  been  at  work  many 
jears  at  St.  Peter*s  Quay,  on  the  river  Tyne,  and  is  found 
%o  answer  uncommonly  well. 

Mr.  WoolPs  very  exccllentand  ingenious  boiler  (patented 
in  1808)  comes  next  under  our  notice. :  The  great  utility  of 
this  apparatus  induces  us  to  give  the  specification,  toge* 
ther  with  Mr.  Woolf 's  own  remarks,  in  full. 

^*  Mr.  Wooirs  improved  apparatus  consists^  first,  of  two 
or  more  cylindrical  vessels  properly  connected  together, 
and  so  disposed  as  to  constitute  a  strong  and  fit  receptacle 
for  water,  or  any  other  fluid  intended  to  be  converted  into 
steam,  whether  at  the  usual  beats,  or  at  temperatures  and 
under  pressures  uncommonly  high ;  and  also  to  present  an 
extensive  portion  of  convex  surface  to  the  current  of  flame 
or  heated  air  or  vapour  iVom  a  fire.  Secondly,  of  other 
cylindrical  receptacles  placed  above  these  cylinders,  and 
properly  connected  with  them,  for  the  purpose  of  contain- 
ing water  and  steam,  and  for  the  reception,  transmission, 
and  useful  application  of  the  steam  generated  from  the 
heated  water,  or  other  fluid.  And,  thirdly,  of  a  furnace 
so  adapted  to  the  cylindrical  parts  just  mentioned,  as  Cp 
cause  the  greater  part  of  the  surface  of  all  and  each  of 
Ihem,  or  as  much  of  the  said  surface  as  may  be  convenient 
or  desirable,  to  receive  the  direct  action  of  the  fire,  or 
heated  air  and  vapour. 

^^  One  of  his  boilers,  in  its  most  simple  form,  consists  of 
eight  tubes,  made  of  cast-iron,  or  any  other  fit  metal,  which 
are  each  connected  with  a  cylinder  placed  above  them.  The 
fuel  rests  on  the  bars,  and  the  flame,  heated  air,  and  va- 
pour, being  reverberated  from  the  part  above  the  two  first 
smaller  cylinders,  goes  under  the  third,  over  the  fourth,  un- 
der the  fifth,  over  the  sixth,  under  the  seventh,  and  partly- 
over  and  partly  under  the  eighth  small  cylindrie  tube* 
When  it  has  reached  the  end  of  the  furnace,  it  is  carried 
to  the  other  side  of  the  wall,  built  under  and  in  the  dlrcc* 
ticn  of  (he  main  cylinder    and   then  returns  under  the 
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seventh  smaller  cylinder,  over  the  sixth,  under  the  fifth, 
over  the  fourth,  under  the  third,  over  the  second,  and 
partly  over,  and  partly  under  the  first ;  when  it  passes  into 
the  chimney.     The  vrall  before  mentioned,  which  divides 
the  furnace  longitudinally,  answers  the  double  purpose  of 
lengthening  the  course  which  the  flame  and  heated  air 
have  to  traverse,  giving  oiTheat  to  the  boiler  in  their  pas- 
sage, and  of  securing  from  being  destroyed  by  the  fire  the 
flanges  or  other  joinings  employed  to  unite  the  smaller 
tubes  to  the  main  cylinder.  The  ends  of  the  smaller  cylin- 
dric  tubes  rest  on  the  brick-work  which  forms  the  sides  of 
the  furnace,  and  one  end  of  each  of  them  is  furnished  with 
a  cover,  secured  in  its  place  by  screws,  or  any  other  ade- 
quate means,  but  which  can  be  taken  off  at  pleasure,  to 
allow  the  tubes  to  be  freed  from  time  to  time  from  any  in- 
crustation or  sediment  which  may  be  deposited  in  them. 
To  any  convenient  part  of  the  main  cylinder  a  tube  is 
afiixed,  to  convey  the  steam  to  the  steam  engine,  or  to  any 
vessel  intended  to  be  heated  by  means  of  steam. 

^'  When  very  high  temperatures  are  not  to  be  employed, 
the  kind  of  boiler  just  described  is  found  to  answer  very 
well ;  but  where  the  utmost  force  of  the  fire  is  desirable, 
Mr.  Woolf,  for  a  reason  which  shall  be  afterwards  men- 
tioned, combines  the  parts  in  a  manner  somewhat  different, 
though  the  same  in  principle. 

^Mn  fig.  2,  A  is  the  main  cylinder  crossing  the  smaller 
cylinders  aaOy  half  way  between  their  middles  and  ends, 
but  not  joined  to  any  of  them,  excepting  the  middle  one  at 
the  points  at  which  it  crosses  them.  It  is  put  in  this  place 
that  it  may  come  over  that  part  of  the  furnace,  S  S  S,  fig. 
I,  through  which  the  flame  first  passes,  and  receive  its 
direct  action,  which  it  does  over  nearly  a  half  of  its  surface, 
as  may  be  seen  by  looking  at  the  vertical  section,  ASS, 
fig.  I.  The  smaller  cylinders  have  a  communication  with 
the  main  cylinder  in  the  following  manner  : — Three  cylin- 
ders, C  C  C,  are  placed  parallel  to  the  main  cylinder.  A, 
over  the  part  of  the  furnace  by  which  the  flame  returns, 
in  such  a  manner  that  each  of  the  cylinders,  C  C  C,  takes 
lu  three  of  the  smaller  cylinders,  a  a  a,  beiu^  united   to 
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and  connected  with  them.    The  cylinders,  C  CC,  have  a 
diiect  communication  with  the  main  cylinder,  A,  by  the 
pipes  or  tubes,  P  P  P,  as  may  be  better  seen  by  the  cross 
vertical  section,  fig.  1.     The  three  tubes  C  C  C,  are  pre- 
ferred to  one  long  tube,  to  prevent  any  derangement  tak- 
inif  place  in  the  furnace  or  in  the  tubes,  by  the  expansion 
or  contractfon    occasioned    by  changes  of  temperature, 
which  is  more  considerable  in  one  tube  of  the  whole  length 
of  the  furnace,  than  when  divided  into  three  portions ;  and 
it  is  for  the  same  reason  that  the  tube  A  is  not  made  to 
communicate  directly  with  the  smaller  tubes,  a  a  a,  but 
mediately,  by  means  of  the  tubes  marked  C  and   P.— 
N.  B.  The  two  outermost  of  the  tubes  marked  P,  instead  of 
going  parallel  to  the  middle  tube,  P,  may  be  both  inclined 
towards  it,  so  as  to  join  the  cylinder  A  near  the  middle ; 
or  any  other  direction  may  be  given  to  them,  to  prevent  de- 
rangement by  expansion* 

^  The  tubes  C  and  a  are  kept  firom  separating  by  bolts 
from  the  inside  of «  passing  through  the  top  of  C,  where 
they  are  secured  by  nuts  screwed  on  to  them,  (see  fig.  3.); 
and  these  parts  of  C  are  so  contrived,  that  by  taking  offany 
of  the  nuts  a  cover  may  be  removed,  and  a  hole  presen- 
ted large  enough  to  admit  a  man's  hand  into  C,  to  clean  it 
out. 

^^  Fig.  3.  is  a  longitudinal  vertical  section  of  the  furnace, 
through  the  centre,  showing  the  course  which  the  flame 
and  heated  air  are  forced  to  take.  The  first  three  small 
cylinders  are  completely  surrounded  with  flame,  being 
directly  over  the  fire  :  the  flame  is  stopped  by  the  brick- 
worh,  W,  over  the  fifth,  and  forced  to  pass  under  it,  and 
then  over  the  sixth,  where  it  again  meets  with  an  inter- 
ruption, which  forces  it  to  go  under  the  seventh,  and  over 
the  eight ;  it  then  turns  round  the  end  of  the  longitudinal 
wall  which  divides  the  furnace,  and  passes  over  the  eighth 
smaller  cylinder,  under  the  seventh,  and  so  on,  alternately 
over  and  under  the  other  tubes,  till  it  reaches  the  chimney. 
The  wall  that  divides  the  furnace  may  be  seen  in  fig.  2. 

^^  To  secure  a  free  communication  between  the  different 
parts  of  the  boiler,  the  three  tubes  of  the  middle  cylinder. 
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€•  are  conneoted  with  those  of  the  two  exterior  Cs,  by  two 
pipes,  o  o.  The  other  ends  of  the  tubes,  a  aa^  are  each 
fitted  with  a  cover  properly  seciir^id  and  bolted*  but  which 
can  be  taken  offoccasiotially,  to  clean  out  the'boiliein 

^^  In  workings  with  such  boilers,  the  water  carried  off  by 
evaporation  is  replaced  by  water  forced  in  by  the  usual 
means;  and  the  steam  generated'  is  carried  to  the  place 
intended  by  means  of  tubes  connected  with  the  upper  part 
of  the  cylinder  A. 

**  It  may  not  be  improper,''  says  Mr.  Woolf^  *'  to  call 
the  attention  of  those  who  may  hereafter  wish  to  construct 
such  apparatus,  to  one  circumstance;  namely,  that' in  every 
case  the  tubes  composing  the  boiler  should  be  so  combined 
and  arranged,  and  the  furnace  so  constructed,  as  to  make 
the  fire,  the  flame,  and  the  heated  air,  to  act  around,  over,  and 
among  the  tubes,  embracing  the  largest  possible  quantity 
of  their  surface.  It  must  be  obvious  to  any  one  that  the 
tubes  may  be 'made  of  any  kind  of  metal ;  but  I  prefer  cast- 
iron  as  the  most  convenient.  The  sise  of  the  tubes  may 
be  varied :  but,  in  every  case,  care  should  be  taken  not  to 
make  their  diameter  too  greats  and  it  must  be  remembered 
that  the  larger  the  diameter  of  any  single  tube  in  such  a 
boiler,  the  stronger  it  must  be  mUfde  in  proportion,  to 
enable  it  to  bear  the  same  expansive  force  as  the  smaller 
cylinders.  It  is  not  essential,  however,  to  my  invention 
that  the  tubes  should  be  of  difi^erent  six^es;  but  I  prefer 
that  the  upper  cylinders,  especially  the  one  which  I  call 
the  main  cylinder,  should  be  larger  than 'the' lower  ones, 
it  being  the  resenoir,  as  it  were,  into  which  the  lowier 
ones  send  the  steam,  to  be  thence  conveyed  away  by  the 
steam  pipe  or  pipes.  The  following  general  direction  may 
be  given  respecting  the  quantity  of  water  to  be  kept  in  a 
boiler  in  my  construction :  it  ought  always  to  fill  not  only 
the  lower  tube<9,  but  the  main  cylinder,  A,  and  the  cylinder, 
C,  to  about  half  their  diameter,  that  is,  as  high  as  the  fire 
is  allowed  to  reach,  and  in  no  case  ought  it  to  be  allowed 
to  get  so  low  as  not  to  keep  full  the  necks  or  branches 
which  join  the  smaller  cylinders,  marked  with  the  letter 
o,  to  the  cylinders  A  or  C;  for  the  fire  is  only  beneficially 


WOOLF  8  BOILER.  261 

employed  when  applied,  through  the  medium  of  the  inter- 
posed metal,  to  water,  to  convert  it  into  steam :  that  is, 
the  purpose  of  my  boiler  would,  in  some  measure,  be  de- 
feated, if  any  of  the  parts  of  the  tubes  exposed  to  the 
direct  action  of  the  fire,  should  present  in  their  interior  a 
surface  of  steam  instead  of  water,  to  receive  the  transmitted 
heat  which  must,  more  or  less,  be  the  case,  if  the  lower 
tubes,  and  even  a  part  of  the  upper,  be  not  kept  filled  with 
the  liquid. 

^  As  to  the  construction  of  the  furnaces,  though  that 
must  be  obvious  from  the  drawings,  it  may  not  be  improper 
here  to  remark,  that  they  should  always  be  «o  built  as  to 
giYe  a  long  and  waving  course  to  the  flame  and  heated 
air,  or  vapour,  forcing  them  the  more  effectually  to  strike 
against  the  sides  of  the  tubes  which  compose  the  boiler, 
and  so  to  give  out  a  large  portion  of  their  heat,  before  they 
reach  the  chimney  s  unless  this  be  attended  to,  there  will 
be  a  much  greater  waste  of  fuel  than  necessary;  and  the 
beat,  communicated  to  the  contents  of  the  boiler,  will  be 
less  from  a  given  quantity  of  fuel. 

^^  My  invention  is  not  only  applicable  to  all  the  uses  to 
which  the  boilers  in  common  use  are  generally  applied, 
bat  to  all  of  them  with  much  better  effect  than  the  latter; 
and  can,  besides,  be  applied  to  purposes  in  which  boilers, 
constructed  as  they  have  hitherto  been,  would  be  of  little 
or  no  use*  The  working  of  all  kinds  of  steam  engines  is 
one  important  application  of  my  invention ;  for  the  steam 
may  be  raised,  in  a  boiler. constructed  in  the  manner  before 
described,  to  such  a  temperature,  and  consequently  to  such 
an  expansive  force,  as  to  work  an  engine  even  without 
condensing  the  steam,  by  simply  allowing  it  to  escape  into 
the  atmosphere  after  it  has  done  its  office,  as  proposed  by 
Mr.  James  Watt,  in  the  specification  of  his  patent,  dated 
January  5, 1769,  whence,  he  says,  engines  may  be  worked 
by  the  force  of  steam  only,  by  discharging  the  steam  into 
the  open  air.  In  all  cases  where  it  is  desirable  to  heat  or 
boil  water,  or  other  fluids  and  substances,  without  tlie 
direct  application  of  fire  to  the  vessel  or  vessels  containing 
them,  which  in  such  cases  become  secondary  boilers,  the 

8.  Y 


132  VARIOUS  APPLICATIONS  OF 

uae  of  my  apparatus  will  produce  superior  to  any  obtained 
by  any  other  means,  no  more  being  necessary  than  to  make 
the  vessels,  or  secondary  boiler,  containing  the  water  or 
other  fluids,  and  the  substances  immersed  or  dissolved  in, 
or  blended  or  mixed  with  the  water  or  other  fluids,  to 
communicate,  by  means  of  a  tube  or  tubes,  with  the  prime 
boiler,  constructed  in  the  manner  before  described.     In 
such  cases  as  in  making  extracts  of  every  kind,  for  the 
various  purposes  of  arts  and  manufactures,  and  for  the 
simple  boiling  of  water  or  watery  fluids,  the  steam  should 
go  directly  into   the  vessel  or  secondary  boiler,  whose 
contents  are*  to  be  heated  or  boiled ;  and  the  orifice  or 
orifices  of  the  pipe  or  pipes  through  which  the  steam  is 
conveyed,  should  go  to  a  considerable  depth  in  the  fluid, 
that  the  steam  may  be  better  able  to  give  off  its  heat,  and 
be  condensed  before  it  can  reach  the  surface ;  and  in  every 
such  case  an  allowance  should  be  made  for  the  increase 
which  will  be  made  to  the  quantity  of  liquid  in  the  vessel 
to  be  heated,  by  the  quantity  of  steam  which  will  be  con- 
densed in  the  same  before  the  process  be  ended.    The 
vessels  into  which  the  steam  is  thrown  may  be  either  opeo 
or  close,  as  the  nature  of  circumstances  may  require:  but 
where  extracts  are  to  be  made  from  vegetable  or  other 
matters,  from  which  extracts  are  or  may  be  made,  as  fVom 
hops,  bark,  drugs,  and  dry  stuffs,  for  brewing,  tanning, 
dyeing,  and  other  processes,  the  materials  will  be  much 
more  completely  exhausted  of  all  their  valuable  parts; 
and  in  many  instances  they  will  be  completely  dissolved 
by  employing  close  vessels,  which,  in  that  case,  must  be 
made  very  strong,  a  thing  not  difficult  to  be  accomplished^ 
when  it  is  recollected  that  they  may  be  at  a  distance  from, 
and  consequently  out  of  the  power  of  being  deranged  by 
the  fire ;  and  that  they  may  be  surrounded  with,  and,  as  it 
were,  buried  in  massy  stone  or  brick  work,  in  addition  te 
other  and  obvious  means  of  securing  them.    My  apparatus 
so  employed,  becomes,  in  fact,  an  improved  Papin's  di- 
gester on  a  large  scale.     I  do  not  wish  to  be  understood  as 
claiming  the  merit  of  having  been  the  first  who  applied 
steam  in  the  manner  just  described  to  boil  water  and  other 
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fluids,  but  merely  as  pointing  out  an  important  use  to 
which  my  apparatus  is  applicable,  and  in  which  the  effect 
obtained  will  be  much  greater  than  by  any  other  means. 
^  ^<  Another  important  use  to  which  my  invention  can  be 
applied  with  better  effect  than  the  means  now  in  use,  is 
that  of  distillation  on  the  large  scale;  and  that  by  either 
sending  the  steam  directly  into  and  among  the  contents  of 
the  still  or  alembic,  or  by  enclosing  the  still  in  another 
vessel,  and  making  the  steam  of  a  high  temperature  to 
circulate  in  and  to  occupy  the  space  between  the  exterior 
surface  of  the  still,  and  the  interior  surface  of  the  con- 
taining vessel.  In  either  case,  all  danger  of  burning  or 
singeing  the  materials  operated  upon  is  done  away,  and  a 
much  more  pleasant  and  pure  spirit  will  be  obtained  than 
by  the  methods  now  in  common  use.  I  need  not  stop  here 
to  show  the  reason  why,  even  in  the  case  of  throwing  the 
steam  directly  into  the  still,  the  spirituous  part  will  be  the 
first  to  rise  and  pass  over  into  the  receiver. 

^  I  might  mention  many  other  useful  applications  that 
may  be  made  of  my  invention ;  but  I  shall  only  state  one 
more,  namely,  to  the  drying  of  gunpowder,  and  lessening 
the  danger  of  explosions  in  the  manufacture  of  that  article. 
By  means  of  my  invention  any  desired  temperature,  ne- 
cessary for  that  purpose,  may  be  produced  where  the 
powder  is  to  be  dried,  without  the  necessity  of  having  fire 
in,  or  so  near  the  place,  as  to  endanger  its  safety ;  for  by 
employing  steam  only,  conveyed  through  pipes,  and  pro- 
perly applied  and  directed,  without  allowing  any  of  it  to 
escape  into  the  room  or  apartment  where  the  powder  is, 
any  competent  workman  can  produce  a  heat  equal  to  that 
found  necessary  for  drying  gunpowder,  or  much  higher,  if 
required.  Nor  is  the  lessening  of  the  danger  of  explosions 
the  only  advantage  which  this  way  of  drying  gunpowder 
holds  out;  it  presents  another,  and  an  essential  one  for  the 
goodness  of  the  article ;  the  heat  can  be  completely  regu- 
lated, so  as  to  prevent,  or  at  least  lessen,  the  partial  de- 
composition of  the  powder  by  the  sublimation  of  the  sul- 
phur, which  is  found  to  take  place  by  the  methods  at 
present  in  use." 


.    -lb*  WOOLF  B  SAFETY  VALTEt 

We  have  had  frequent  opportunities  of  inspecting  this 
ezcelleDt  apparatus,  and  can,  therefore,  speak  Tritfa  confi- 
dence  of  its  utUity.  One  engine  of  Mr.  WoolPs  is  now 
used  by  Mr.  Smart,  of  Lambeth  Marsh,  with  such  a  boiler 
to  drive  a  sawmill,  and  is  principally  kept  going  by  em- 
ploying the  saw-dust  from  the  mill  as  fuel.  Two  safety 
valves  or  steam  regulators  are  gene-ally  used,  the  plan  ol 
■?htch  is  ingenious. 
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A  in  the  preceding  figure  is  a  part  of  the  main  cylinder 
of  one  of  Mr.  Woolf 's  boilers ;  B  B  the  neck  or  outlet  for 
the  steam,  surmounted  by  the  steam  box  C,  which  is  joined 
to  the  neck  B  B  by  the  flanges  a  a.  The  top  or  cover  of 
the  steam  box  C,  marked  with  the  letter  D,  which  is  well 
sesared  in  its  place,  has  a  hole  through  it  for  the  rod  of 
the  valve,  so  contrived  as  to  answer  the  purpose  of  a 
Muffing  box,  to  make  the  rod  work  up  and  down  steam* 
tight,  the  stuffing  being  kept  in  its  place  by  the  usual 
means,  as  shewn  in  the  section.     By  means  of  a  pin  or  nail 
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by  and  the  two  vertical  pieces  e  e,  the  piston  rod  is  made 
fast  to  m,  which  is  a  cover  of  and  joined  to  the  hollow 
cylinder  n  n.  The  cover  m  fits  steam-tig^ht  into  the  collar 
o  o,  which  is  made  fast  to  the  flanges  a  a.  The  cylinder 
»  n  is  open  at  the  bottom,  having  a  free  communication 
with  the  main  cylinder  A,  and  has  three  vertical  slits,  one 
of  which,  S,  is  shewn  in  the  diagram.  The  sum  of  the 
surface  of  all  these  slits  or  openings  is  equal  to  the  area 
of  the  opening  of  the  collar  o  o,  in  which  the  cylinder  n  n 
works.  When  the  steam  acquires  a  sufficient  degree  of 
elastic  force  to  raise  the  valve  (that  is,  the  cylinder  n  n 
with  its  cover  m,  and  the  rod  R,)  and  whatever  weight  it 
may  be  loaded  with,  then  the  openings  S,  getting  abpve 
the  steam-tight  collar  o  o,  allow  the  steam  to  pass  intp  the 
steam  box  C.  The  quantity  of  steam  that  passes  is  pro- 
portioned to  the  elastic  force  it  has  acquired,  and  the 
weight  with  which  the  valve  is  loaded;  and  the  rise  of  the 
openings  S  above  the  collar  o  o,  will  be  in  the  same  pro« 
portion.  This  valve  may  be  loaded  in  any  of  the  usual 
methods;  but  Mr.  Woolf  prefers  the  one  shewn  in  the 
drawing,  in  which  the  upper  piart  of  the  rod  R  is  joined 
by  means  of  a  chain  to  a  quadrant  of  a  circle  Q  with  an 
arm  projecting  from  it,  as  represented  in  the  plate,  and 
which  carries  a  weight  Z,  that  may  be  moved  nearer  to  or 
farther  from  the  centre  of  the  quadrant,  according  as  the 
pressure  of  the  valve  is  wished  to  be  increased  or  di- 
minished. As  the  valve  rises,  the  weight  mov^  upwards 
in  the  arch  n  it,  giving  an  increased  resistance  to  the  far* 
ther  rising  of  the  valve,  proportioned  to  the  greater  hori- 
cental  distance  from  the  centre  of  Q,  which  the  weight 
attains  by  its  side  in  the  said  arch,  the  said  distance  being 
measured  in  the  line  O  P  passing  through  the  centre  of 
the  weight.  Thus,  if  the  weight  Z  presses  with  a  force 
equal  to  twenty  pounds  on  the  square  inch  of  the  aperture 
in  O  O  in  its  present  position,  it  will,  when  it  rises  to  the 
position  t,  press  with  a  force  equal  to  thirty  pounds,  and 
at  P,  with  a  force  equal  to  forty  pounds  on  the  square 
inch,  so  that  the  rod  Q  Z  may  be  made  to  serve  at  the  same 
time  as  au  index  to  the  person  who  attends  the  fire,  nothing 
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more  being  necessary  for  this  purpose  than  to  graduate 
the  arch  described  by  the  end  of  the  rod  Q  Z.  In  the  side 
of  the  steam  box  C  there  is  an  opening  N,  to  allow  the 
steam  to  pass  from  it  by  a  pipe  or  tube  to  the  steam  engine, 
or  to  any  secondary  boiler,  or  for  the  purpose  of  conveying 
and  applying  it  to  any  other  vessel  or  use  to  which  steam 
is  applicable. 

Hornblower's  second  Rotative  Engine  differs  materially 
from  his  former  one;  it  is  represented  in  the  annexed 
figures,  and  consists  of 

A  vessel  in  which  the  steam  operates,  made  of  cast^'iron^ 
extremely  resembling  a  globe,  flatted  at  the  poles,  (see 
fig.  1)  which  shows  one  of  its  sides,  the  other  being  similar 
"^  to  it.  Fig.  3.  is  a  representation  of  the  parts  of  the  machine 
.^hich  move  round  within  the  steanr  vessel,  and  fig.  2* 
represents  the  interior  of  fig.  1,  with  its  lid  removed. 
The  pipe  A,  at  fig.  i,  receives  the  steam  from  the  boiler, 
to  which  is  connected  a  valve  box,  of  any  usual  construo* 
tion,  by  which  to  regulate  the  admission  of  steam.  At  B 
the  eduction  pipe  is  connected,  leading  from  the  upper 
apartment  to  the  condensing  apparatus,  and  turning  in 
6uch  a  direction  as  maybe  most  convenient  for  the  dis* 
charging  pump  to  be  wrought  by  means  of  an  urbor, 
fumed  by  the  axle  of  the  machine;  on  which  arbor  is  a 
limall  fly-wheel,  for  the  purpose  of  regulating  the  ine- 
quality of  the  crank  to  which  the  pump  rod  is  attached. 
D  D  is  a  middle  part  of  the  steam  vessel,  furnished  with 
flanges  for  the  purpose  of  screwing  it  to  E  E,  and  also  for 
receiving  the  lid ;  by  which  means  the  partition  within  is 
secured  to  its  place,  in  the  middle  of  the  machine,  and  the 
lid  may  easily  be  removed  for  the  purpose  of  rectifying 
and  repairing  the  internal  structure.  G  is  the  square  part 
of  one  end  of  the  axis  of  the  machine,  over  which  is  placed 
a  gland  H,  divided  into  parts,  in  order  that  it  may  be  put 
on  over  the  square,  and  properly  embrace  the  round  part 
of  the  axis.  Within  this  gland  is  a  stuffing  box,  for  the 
purpose  of  keeping  the  axle  both  air  and  steam  tight.  In 
one  side  of  the  lower  apartment  of  the  steam  vessel  is  a 
small  opening,  secured  by  a  lid,  for  the  purpose  of  cleaning 
that  part  of  the  machine. 
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Fig.  2  represents  the  partition  within  the  steam  vessel^ 
which  may  be  made  either  of  brass  or  iron,  or  of  both  those 
metals  combined.     B  B  is  the  lower  flange,  the  upper  part 
being  taken  away.    C  C  are  the  two  openings  or  passages 
for  the  vanes :  these  the  inventor  calls  vane-ports,  and  to 
obtain  a  proper  idea  of  their  figure,  it  must  be  observed 
that  the  largest  vane-port  is  formed  by  the  exterior  por- 
tions of  two  cones  z,  and  at  y,  by  a  portion  of  the  concave 
part  of  a  sphere.     The  extent  of  this  passage  throughout 
must  at  least  be  equal  to  ninety  degrees  of  a  circle,  and 
the  vanes  of  a  sufficient  width,  so  that  two  of  them  may 
always  make  their  entrance  into  the  vane-ports  before  the 
other  two  make  their  exit.     The  edge,  c  c,  may,  therefore, 
be  supposed  to  descend  into  the  lower  apartment  one  half 
of  its  depth,  and  to  rise  the  other  half  to  meet  the  eye; 
but  it  is  not  necessary  that  z  be  so  deep  all  the  way  as  y, 
but  converge  towards  the  centre  of  the  machine.     This  is 
the  ascending  vane-port ;  the  descending  one  is  included 
between  D  D,  which  are  rabbets  or  seatings  for  receiving 
a  packing ;  and  x  represents  a  rising  edge,  so  as  to  obtain 
a  depth  at  least  equal  to  the  thickness  of  the  vanes;  one 
half  of  which  edging  is  below,  and  the  other  half  above 
the  main  axis.     These  edges  receive  two  metal  plates, 
fixed  down  with  screws  on  them,  for  the  purpose  of  con- 
fining the  packing.    The  part  E  is  also  formed  spherically, 
and  is  provided  with  a  packing  groove,  which  meets  the 
edge  of  metal  in  the  middle  of  the  vanes,  ib.  Fig.  3.     F  F 
is  the  main  axle  of  the  machine,  laid  in  its  place  without 
the  vanes;  one  end  of  which  is  to  perform  the  work  re- 
quired, and  the  other  is  applied  to  the  discharging  prnnp. 
At  D  D  the  packing  extends  to  W  W,  so  as  to  embrace 
the  nave  as  well  as  the  descending  vane,  by  which  means 
both  the  nave  and  the  vanes  move  steam-tight  in  their 
revolutions,     t;  t;  t;  t;  is  that  part  of  the  partition  which 
forms  a  plane  at  the  axis  of  the  globe,  and  is  secured  in  its 
place  by  being  seated  in  a  rabbet  with  the  usual  jointing 
materials  on  the  interior  margin  of  the  steam  vessel.     G^G 
are  two  brasses  let  down  into  the  partition,  and  they  are 
raised  or  depressed  by  screws,  as  adjustment  may  require. 
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Atit  spaces  are  left  for  packing  round  the  axle:  and  the 
■pper  brasses  which  keep  down  the  axle  serve  also  to  keep 
H  in  its  place.  At  H  H  are  the  stuffing  boxes  mentioned 
m  fig.  1 ;  they  have  a  division  plate  of  metal  in  them,  so 
that«  s  being  supplied  with  steam  from  the  valve  box,  the 
packing  of  each  side  of  these  vacuities  is  rendered  air* 
tight.^  The  manner  in  which  tlie  partition  and  vane-ports 
are  constructed,  is  by  rivetting  the  two  parts  v  t;  v  v,  to^ 
gether,  by  means  of  flanges  at  1 1,  first  having  mounted 
them  on  an  axis,  to  correct,  by  turning,  (either  by  hand  or 
otherwise,)  the  want  of  smoothness  and  truth  from  the 
easting;  and  when  this  is  done,  the  main  axle  is  fixed  to 
its  place  as  a  guide  by  which  to  set  up  the  four  vanes,  as 
at  fig.  3^  where,  by  a  mere  inspection,  it  is  plain  how  this 
is  performed.  The  open  vane  exhibits  a  frame  of  metal^ 
whicb  receives  a  plate  on  each  side :  these  plates,  with  the 
edge  of  metal,  K,  cast  with  the  frame,  form  grooves  and 
vacuitiee  to  receive  the  packing.  The  nave  being  hollow 
receives  two  iron  axles,  which  are  curved  in  the  middle, 
and  there  cross  each  other. 

The  manner  in  which  they  receive  the  vanes  is  shown 
by  the  figure ;  also  how  the  packing  renders  them  steam* 
tight  on  the  spherical  part  of  the  nave,  and  that  when  one 
of  them  is  moved,  its  opposite  vane  on  the  same  axle  must 
also  be  moved.  The  main  axle  is  turned  true  by  rivetting 
the  two  parts  together  at  the  nave,  and  re-rivetting  them 
after  the  cross  axles  are  set  in  their  places. .  All  the  several 
parts  of  the  machine  being  then  put  in  their  respective 
situations,  it  is  very  evident  that  when  steam  is  admitted 
into  the  lower  apartment,  the  rising  vane,  which  occupies 
the  largest  passage^  must  overpower  the  other  in  its 
descent;  and  that,  if  by  any  means  one  of  the  vanes  be 
turned  a  quarter  of  a  revolution,  it  must  at  the  same  time 
carry  with  it  the  one  which  is  connected  on  the  opposite 
side  of  the  nave ;  and  this  turning  is  effected  by  fixing  with 
screws  a  block  of  wood,  on  the  partition  at  K,  in  the  form 
of  a  strong  bracket.  This  block  will  not  permit  the  as- 
cending yane  to  pass  it  without  being  turned  on  its  edge, 
by  which  means  the  one  below  is  turned  at  the  same  time, 
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to  present  its  broad  surface  to  the  large  vane-port.  It  may 
be  necessary  to  remark,  that  when  the  machine  is  to  be  set 
at  work,  the  steam  is  not  admitted  into  the  upper  apart- 
ment  of  the  vessel,  to  exclude  the  air,  but  enters  imme- 
diately from  the  valve  box  to  the  eduction  or  discharging 
pipe,  in  order  to  preserve  the  grease  which  is  made  use  of 
to  lubricate  the  internal  moveable  mechanism  of  the 
engine. 

We  cannot  express  our  opinion  on  this  ingenious  machine 
better  than  in  the  words  of  Dr.  Gregory,  who  says — 

^^  Is  there  not  some  ground  for  fear  that  in  this  con- 
trivance, besides  the  forte  lost  by  the  action  of  the  steam 
upon  the  edges  of  the  vanes,  there  will  be  considerable 
loss  arising  from  the  greater  friction  attending  its  opera- 
tions than  those  of  a  common  steam  engine  ?  In  this  steam 
wheel  there  will  be  a  great  quantity  of  rough  surface 
(that  of  the  stuffing)  exposed  to  frequent  contact,  and 
consequent  resistance  to  the  moving  from  the  fixed  parts; 
besides,  as  the  stuffed  parts  are  here  of  great  extent,  with 
regard  to  the  magnitude  of  the  machinery,  and  exhibit 
rapid  variations  of  shape,  they  may,  when  brought  into 
constant  work,  be  found  difficult  to  keep  in  order/'* 

Mr.  R.  Wilcox,  of  Bristol,  obtained  a  patent,  in  1804^ 
for  lessening  the  consumption  of  fuel,  by  using  steam  of 
greater  elasticity  than  common :  he  proposed  in  some  in- 
stances to  raise  his  steam  to  the  pressure  of  150  pounds  on 
the  square  inch.  • 

Mr.  Woolf 's  steam  engine  is  a  most  ingenious  application 
of  a  property  which  steam  possesses :  it  is  founded  on  a 
very  important  discovery  which  he  made  respecting  the 
expansibility  of  steam  when  increased  in  temperature 
beyond  the  boiling  point,  or  212^  of  Fahrenheit's  ther- 
mometer. It  had  been  known  for  some  time  (and  for  this 
discovery  the  world  is  indebted  to  Mr.  Watt,)  that  steam, 
acting  with  the  expansive  force  of  four  pounds  the  square 
inch  against  a  safety  valve  exposed  to  the  atmosphere,  is 
capable  of  expanding  itself  to  four  times  the  volume  jt 

^^^■'—         ■  ■■  I  Mill  I  ■  ,       W  ■         .1  I  11    W  ■»    1    M 
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then  occupies,  and  still  to  be  equal  to  the  pressure  of  the 
atmosphere.  Mr.  Woolf  discovered  that,  iu  like  manner, 
steam  of  the  force  of  five  pounds  the  square  inch  can 
expand  itself  to  five  times  its  volume;  that  masses  or 
quantities  of  steam,  of  the  like  expansive  force  of  six,  seven, 
eight,  nine,  or  ten  pounds  the  square  inch,  can  expand  to 
six,  seven,  eight,  nine,  or  ten  times  their  volume,  and  still 
be  respectively  equal  to  the  atmosphere,  or  capable  of 
producing  a  sufficient  action  against  the  piston  of  a  steam 
engine  to  cause  the  same  to  rise  in  the  old  engine  with  a 
counterpoise  of  Newcomen,  or  to  be  carried  into  the 
▼acuous  part  of  the  cylinder  in  the  engines  of  Messrs. 
Boulton  and  Watt;  that  this  ratio  is  progressive,  and 
nearly  (if  not  entirely)  uniform ;  so  that  steam  of  the  ex- 
pansive force  of  20,  30,  40,  or  50  pounds  the  square  inch 
of  a  common  safety  valve,  will  expand  itself  to  20,  30,  40, 
or  50  tiroes  its  volume;  and  that,  generally,  as  to  all  the 
intermediate  or  higher  degrees  of  elastic  force,  the  number 
of  times  which  steam  of  a  given  temperature  can  expand 
itself  is  nearly  the  same  as  the  number  of  pounds  it  is  able 
to  sustain  on  a  square  inch  exposed  to  the  common  atmos- 
pheric pressure;  prcrvid^  d  always  that  the  space,  place,  or 
vepsel,  in  which  it  is  all\  wed  to  expand  itself,  be  of  the 
same  temperature  as  that  of  the  steam  before  it  be  allowed 
room  to  expand. 

Respecting  the  differen'i  degrees  of  temperature  required 
to  bring  steam  to,  and  n  aintain  it  at  different  expansive 
forces  above  the  weight  of  the  atmosphere,  Mr.  Woolf 
found,  by  actual  experiment,  setting  out  from  the  boiling 
point  of  water,  viz.  212®,  at  which  degree  steam  of  water  is 
only  equal  to  the  pressure  of  the  atmosphere ;  that,  in  order 
to  give  it  an  increased  elastic  force  equal  to  five  pounds  the 
square  inch,  the  temperature  must  be  raised  to  above  227|, 
when  it  will  have  acquired  a  power  to  expand  itself  to  five 
times  its  volume,  still  equal  to  the  atmosphere,  and  capable 
of  being  applied  as  such  in  the  working  of  steam  engines, 
according  to  the  invention;  and  with  regard  to  various 
other  pressures,  temperatures,  and  expansive  forces  of 
steam,  the  same  are  shown  in  the  following  table : — 


173 


HEATING  OP  8TBAM. 


Ponndt 
laeh. 

D«frM«of 

5 

6 

7 

8 

9 

10 

15 

20 

25 

80 

35 

40 

■ 

Steam,  of  a 
greater  degree 
of  elasticity 
than    the    at- 
mosphere, acts 
with  a  force  of 

5 
6 

7 
8 
9 
10 
15 
20 
25 
30 
35 
40 

At  a  tem- 
perature 
of 

227i 

230i 

232} 

235} 

237i 

239i 

250} 

269} 

267 

273 

278 

282 

it  posses- 
ses a 
power  of 
expand, 
ing  itself 
to 

times  its 
volume, 
and  con- 
tinue 
equal  \ja 
the  pres- 
sure  of   ' 
theatmo* 
sphere; 

and  so  in  like  manner,  by  small  additions  of  temperature, 
an  expansive  power  may  be  given  to  steam,  to  enable  it  to 
expand  to  50,  60,  70,  80,  90^  100,  ^,  300,  or  more  times 
its  volume,  without  any  limitation  but  what  arises  from 
the  frangible  nature  of  every  material  of  which  boilers 
and  other  parts  of  steam  engines  have  been  or  can  be  made : 
and  prudence  dictates  that  th^  expansive  force  should 
never  be  carried  to  the  utmost  the  materials  can  bear,  but 
rather  to  be  kept  considerably  within  that  limit. 

Having  thus  briefly  explained  the  nature  of  Mr.  Woolf  *8 
discovery,  we  shall  proceed  to  give  a  description  of  his 
improvements  grounded  thereon.  Mr.  Woolf,  in  his  spe- 
cification, states, — that  in  desjcribibg  his  invention,  he 
has  found  it  necessary  to  mention  the  entitle  steam  engine 
and  its  parts,  to  which,  as  an  invention  well  known,  he 
neither  can  nor  does  assert  any  exclusive  claim :  he  ob* 
serves,  however,  that  from  the  nature  of  the  aforesaid  dis- 
covery and  its  application,  there  can  be  no  difficulty  in 
distinguishing  his  said  improvements  from  the  improved 
engine  of  Mr.  Watt,  as  to  its  other  common  and  well-known 
parts ;  and  then  gives  the  following  account  of  an  engine, 
embracing  his  pew  improvements. 

^^  If  the  engine  be  constructed  originally  with  the  in* 
tention  C/f  adopting  my  said  improvement,  it  ought  to  have 
two  steam  vessels  of  different  dimensions,  accordiug  to  the 
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temperature  or  the  expanfliye  force  determined'  to  be  eom« 
municated  to  the  steam  made  use  of  in  working  the  engine ; 
for  the  smaller  steam  vessel  or  cylinder  must  be  a  measure 
for  the  larger.  For  example :  if  steam  of  forty  pounds 
the  square  inch  be  fixed  on,  then  the  smaller  steam  vessel 
snould  be  at  least  one  fortieth  part  the  contents  of  the 
larger  one ;  each  steam  vessel  should  be  famished  with  a 
piston,  and  the  smaller  cylinder  should  have  a  communica- 
tioB  both  at  its  top  and  bottom  (top  and  bottom  employed 
here  as  relative  terms,  for  the  cylinders  merely  may  be 
worked  in  a  horizontal,  or  any  other  required  position,  as 
well  as  vertical) ;  the  small  cylinder,  I  say,  should  have  a 
conmmiication,  both  at  its  top  and  bottom,  with  the  boiler 
wUcb  supplies  the  steam,  which  communications,  by  means 
of  cocks  or  valves  of  any  construction  adapted  to  the  use, 
are  to  be  alternately  opened  and  shut  during  the  working 
of  the  engine.  The  top  of  the  small  cylinder  should  have 
a  communication  with  the  bottom  of  the  larger  cylinder, 
and  the  bottom  of  the  smaller  one  with  the  top  of  the 
larger,  with  proper  means  to  open  and  shut  these  alter* 
nately  by  cocks,  valves,  or  any  other  well«-known  con« 
trivance.  And  both  the  top  and  bottom  of  the  large 
cylinder  or  steam  vessel  should,  while  the  engine  is  at 
work,  communicate  alternately  with  a  condensing  vessel, 
into  which  a  jet  of  water  is  admitted  to  hasten  the  conden* 
sation,  or  the  condensing  vessel  may  be  cooled  by  any  other 
means  calculated  to  produce  that  effect.  Things  being 
thus  arranged,  when  the  engine  is  at  work,  stea'm  of  high 
temperature  is  admitted  from  the  boiler  to  act  by  its  elastic 
force  on  one  side  of  the  smaller  piston,  while  the  steam 
which  had  last  moved  it  has  a  communication  with  the 
larger  steam  vessel  or  cylinder,  where  it  follows  the  larger 
piston,  now  moving  towards  that  end  of  its  cylinder  which 
is  open  to  the  condensing  vessel.  Let  both  pistons  end 
their  stroke  at  one  time,  and  let  us  now  suppose  them  both 
at  the  top  of  their  respective  cylinders,  ready  to  descend; 
then  the  steam  of  forty  pounds  the  square  inch  entering 
above  the  smaller  piston,  will  carry  it  downwards,  while 
«he  steam  below  it,  instea,d  of  being  allowed  to  escape  into 
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tbe  atmosphere,  or  applied  to  any  other  purpose,  will  pass 
into  the  larger  cylinder  above  its  piston,  which  will  take 
its  downward  stroke  at  tbe  same  time  that  the  piston  of 
the  smaller  cylinder  is  doing  the  same  thing ;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larger  cylinder, 
in  the  upward  stroke  of  the  engine,  will  be  passing  into 
the  condenser  during  the  downward  stroke.  When  the 
pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  is  to  be  shut  off  from  the 
top  and  admitted  to  the  bottom  of  the  smaller  cylinder^ 
and  the  communication  between  the  bottom  of  the  smaller 
and  the  top  of  the  larger  cylinder  is  also  to  be  cut  off,  and 
the  communication  between  the  top  of  the  smaller  and 
bottom  of  the  larger  cylinder ;  the  steam,  which  in  the 
downward  stroke  of  the  engine  filled  the  larger  cylinder, 
being  now  opened  to  the  condenser,  and  the  communica« 
tion  between  the  bottom  of  the  larger  and  the  condenser 
shut  off;  and  so  on  alternately,  admitting  the  steam  to  the 
different  sides  of  the  smaller  piston,  while  the  steam  last 
admitted  into  the  smaller  cylinder  passes  alternately  to 
the  different  sides  of  the  larger  piston  in  the  larger  cylin- 
der, the  top  and  bottom  of  which  are  made  to  communicate 
alternately  with  the  condenser. 

^^  In  an  etigine  working  with  the  improvements  which 
have  been  just  described,  while  the  steam  is  admitted  to 
one  side  of  the  piston  in  the  smaller  cylinder,  the  steam  on 
the  other  side  has  room  made  for  its  admission  into  the 
larger  cylinder,  on  one  side  of  its  piston,  by  the  condensa- 
tion taking  place  on  the  other  side  of  the  large  piston, 
which  is  open  to  the  condenser ;  and  that  waste  of  steam 
which  takes  place  in  engines  working  only  by  the  expan- 
sive force  of  steam,  from  steam  passing  the  piston  in  the 
smaller  cylinder,  is  received  into  the  larger. 

^^  In  such  an  engine,  where  it  may  be  more  convenient  for 
any  particular  purpose,  the  arrangement  may  be  altered^ 
and  the  top  of  the  smaller  made  to  communicate  with  the 
top  of  the  larger,  and  the  bottom  of  the  smaller  with  the 
bottom  of  the  larger  cylinder ;  in  which  case,  the  only  dif« 
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ferenee  will  be,  that  when  the  piston  in  the  smaller  cylin- 
der descends,  that  in  the  larger  will  ascend,  which,  for 
some  particular  purposes,  may  be  more  convenient  than  the 
arrangement  before  described. 

It  will  at  once  be  seen  that  this  engine  of  Mr.  Woolfs 
Vb  the  same  in  principle  as  Mr.  Hornblower*8,  described  at 
page  97,  which  we  have  shewn  to  possess  no  advantage, 
in  point  otjwwery  over  the  expansive  engine  of  Mr.  Watt* 
If  any  advantage  be.  possessed  by  the  double  cylinder  prin- 
ciple, it  is,  that  the  force  is  more  uniform  in  it,  than  in 
Mr.  Watt's ;  for  in  the  latter,  if  the  force  begin  at  2,  it 
ends  at  i ;  whilst  in  the  former,  if  it  begin  at  S^  it  ends  at 
1.  5.  It  was  on  account  of  this  great  variation  of  power, 
that  Mr.  Watt,  in  his  patent  of  1782,  described  such  a  num* 
ber  of  methods  for  regulating  the  action  of  the  engine. 

Mr.  Woolf  has  erected  several  engines  on  this  principle, 
which  have  been  found  to  perform  the  required  work  with 
a  considerable  saving  of  fuel.  In  1815,  the  effects  of  some 
of  those  engines  were  brought  into  comparison  with  those 
on  Mr.  Watt's  expansive  principle,  at  Cornwall.  Regular 
reports  have  since  been  made  by  Messrs.  I.  &  J.  Lean, 
general  superintendents  at  some  of  the  Cornwall  mines, 
by  which  it  appears  that  there  is  an  immense  difference,  in 
the  effect  of  the  engines  of  Mr.  Watt  and  Mr.  Woolf, 
compared  to  the  quantity  of  coals  consumed  by  each  ;  the 
saving  being  in  Mr.  Woolfs  favour.  It  should  be  ob- 
served, however,  that  Mr.  Woolfs  engine  has  been  of 
more  recent  construction,  and  consequently  has  all  the  ad- 
vantages of  improved  workmanship  and  reduced  friction ; 
furthermore,  that  Mr.  Woolfs  boilers  are  undoubtedly 
calculated  to  raise  a  larger  quantity  of  steam,  by  a  given 
quantity  of  fuel,  than  those  on  the  common  principle;  and 
lastly,  that  Mr.  Woolfs  carries  the  expansive  principle  to 
a  much  greater  extent,  by  introducing  the  steam  into  the 
smaller  cylinder,  at  a  much  greater  pressure  per  square 
inch,  than  Mr.  Watt  ever  professed  to  do  ;  from  which  it 
will  be  evident  that  the  advantages  of  saving  fuel,  men- 
tioned before,  will  be  obtained. 

Mr.  Woolf,  in  his  patent  of  1805,  proposed  to  use  oil  or 
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f^t  to  surround  hia  cylinders  in  place  of  ateam,  prevloas.^ 
used  to  prevent  the  wast«  of  caloric.  He  also  proposed 
to  surround  his  piston  with  mercnry,  or  employing  upon  it 
such  a  column  as  might  counterbalance  the  pressure  of 
the  steam.  But  Mr.  Woolf  possesses  much  greater  claim 
to  notice  by  his  invention  of  a  most  excellent  method  of 
tightening  the  packing  of  pistons.  It  is  well  known  that 
thepiaton  of  a  steam  engine,  by  continued  working,  becomes 
easy,  and  by  allowing  steam  to  escape  past  it,  occasions  a 
considerable  waste  ;  bo  that  it  is  necessary  in  the  common 
plan  to  take  off  the  top  of  the  cylinder,  in  order  to  get  At 
the  screws,  or  supply  the  piston  with  fresh  packing. 

Mr.  Wootf  obviates  this  difficult  and  laborious  opera* 
tion  by  a  method  of  tightening  the  screws,  without  in  the 
least  disturbing  the  cover  of  the  cylinder,  which  he  thus 
effects* 

He  fastens  each  of  these  screws  into  a  small  wheel 
cccc  c,  as  shewn  in  the  annexed  figure,  which  are  nil  con- 
nected with  each  other  by  means  of  a  central  wheel  dd^ 
which  worhs  loose  upon  the  piston  rod  in  such  a  manner, 
that  if  one  of  the  small  wheels  be  turned,  it  turns  the  cen* 
tral  wheel,  and  the  latter  turns  the  other  four.  The  one 
that  is  to  be  first  turned  is  fkimished  with  a  projecting 
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■qaare  head,  which  rises  up  in(o  a  recess  in  the  cover  of 
the  cylinder.  This  recess  is  surmounted  by  a  cap  or  bon- 
net, which  being  easily  taken  off,  and  as  easily  put  again  in 
its  place,  there  is  little  difficulty  in  screwing  down  the 
packing  at  any  time.  The  parts  are  so  clearly  expressed 
in  the  drawing,  that  no  further  description  is  necessary  to 
nake  any  person  comprehend  it. 

The  other  method  is  similar  in  principle,  but  a  little  dif- 
ferent io  construction.  Instead  of  having  several  screws 
all  worked  down  by  one  motion,  there  is  in  this  but  one 
screw,  and  that  one  is  a  part  of  the  piston  rod :  on  this  is 
placed  a  wheel  of  a  convenient  diameter,  the  centre  of 
which  is  furnished  with  a  female  screw.  This  wheel  is 
tamed  round,  t.e.  screwed  down,  by  means  of  the  pinion  o, 
which  is  furnished  with  a  square  projection  he^d,  rising 
into  a  recess  of  the  kind  already  described.  The  ring  is 
prerented  from  turning  with  the  wheel  by  means  of  two 
steady  pins. 


Mr.  J^me^Beaz,  of  Glasgow,  obtained  a  patent  in  1805. 
for  amrtchine  for  raising  water  dn  a  plan  somewhat  s.'mi- 
Itr  to  Savery's. 

a  2  a 
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(  Boaz's  Engine.    1805.) 

a  is  the  steam  cylinder ;  t,  the  pipe  from  the  boiler,  hav- 
ing a  stop  cock ;  ifc  a  waste  steam  cock  ;  e,  a  floating  piston 
attached  to  a  piston  rod*  E  a  pipe  which  generally  con- 
tains hot  water ;  /  water  pipe,  haying  a  valve  at  g  im«> 
mersed  in  the  well,  and  delivering  the  water  into  the 
reservoir  t;,  through  a  valve  z*    The  air  which  accumu- 
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lates  in  the  (receiver  escapes  at  n ;  t;,  the  raised  water  cis- 
tern ;  dj  rarifyiDg  or  exhausting^  vessel. 

The  eng^ine  being  filled  with  mercury,  between  the  line 
dj  and  the  lower  part  of  the' cylinder  a,  and  the  remainder 
with  water,  shut  the  air  valve  Zj  and  open  t ;  the  steam 
from  the  boiler  will  rush  into  the  receiver,  and  pressing 
on  the  surface  of  the  piston  forces  the  mercury  up  into 
the  exhausting  vessel  d.  The  water  above  c,  and  in  the 
pipes  Efj  will  be  forced  up  into  the  cistern  F,  in  a  quantity 
nearly  equal  to  the  space  occupied  by  the  steam  in  the  re- 
ceiver. When  the  piston  has  been  depressed  as  far  as  is 
necessary  for  its  stroke,  tfie  self-acting  mechanism  attached 
to  its  rod,  shuts  t,  and  opens  k;  and  the  mercury  being 
now  at  liberty  to  act  by  its  gravity,  descends  from  the  ex- 
hausting pipe,  and  raises  the  piston  to  its  first  position ; 
and  the  steam  which  pressed  it  downwards  being  now 
allowed  to  flow  into  the  atmosphere,  the  fall  of  the  mercury 
from  d  into  a,  leaves  a  vacuum  in  d,  into  which  the  water 
in  the  well  is  pressed  by  the  atmosphere,  and  again  fills  it. 
The  valve  at  g^  prevents  its  return  to  the  well  in  the  ope* 
ration  of  forcing  ;  and  the  valve  z  prevents  its  fall  from 
the  cistern,  when  the  vacuum  is  made  in  d.* 

The  ingenuity  by  which  a  vacuum  is  obtained  in  this 
engine  will  be  quite  apparent.  The  great  difficulty  in  all 
the  modifications  of  Savery's  engine  had  hitherto  been, 
that  great  waste  of  steam  was  occasioned  by  its  being  ex- 
posed to  the  cold  water,  on  the  surface  of  which  it  had  to 
exert  its  force.  But  in  this  machine,  such  an  exposure  is 
avoided,  and  the  apparatus  is  as  simple  and  free  from  fric- 
tion as  anything  of  the  kind  we  have  ever  known.  We 
have  never  yet  seen  mercury  used  efiectively  in  large 
quantities  in  a  steam  engine ;  but,  should  its  application 
here  be  found  to  be  attended  with  no  great  waste,  we 
doubt  not  but  that  this  engine  would  answer  the  purpose 
of  tbe  inventor. 

In  tbe  year  1805,  Mr.  John  Trotter,  of  London,  obtained 
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a  patent  for  a  Rotative  Engbe,  which  may  be  thas  illus' 
trated. 


(Trotter's  Engine.    1806.) 

A,  a  circular  piece  caUed  the  outer  barrel.  B  the  inner 
barrel.  C,  a  circular  piece  called  the  eccentric.  D,  a 
piece  called  the  sweep,  which  shuts  completely  across  the 
space  between  the  inner  and  outer  barrels,  so  as  to  inter- 
cept the  communication  in  that  part.  There  are  caps  or 
covers  at  each  end  of  the  pieces,  which  close  the  space  be- 
tween the  two  barrels,  and  serve,  by  grooves  or  other  well- 
known  fittings,  to  keep  the  other  parts  in  their  respective 
places. 

The  situations  and  motions  of  the  parts  herein  enume- 
rated  are  as  follow  : — 1st,  The  barrels  are  concentric. 
2ndly,  The  sweep  is  capable  of  moving  or  revolving  (either 
by  absolute  or  rotative  motion)  through  the  space  between 
the  barrels;  it  may  be  either  separate  from  the  barrels^ 
or  it  may  be  fixed  to  either  or  both  of  them,  and  in  the 
last-mentioned  cases,  the  barrel  or  barrels  to  which  the 
sweep  shall  or  may  be  so  fixed,  will  necessarily  move 
along  with  it.    The  sweep  is  so  well  fitted  or  fixed  that 
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DO  fluid  shall  pass  through  the  places  of  its  opposition  or 
junction  with  the  barrels  or  caps,  or  as  that  the  quantity 
suffered  to.  pass  shall  be  inconsiderable.  3dly,  The  eccen- 
tric is  of  such  a  diameter  and  so  wrought,  that  its  concave 
and  convex  surfaces  shall  touch  the  inner  and  out^  bar- 
rels, and  that  the  plaq^  of  contact  shall  not  adnit  any 
fluid  to  pass  between  the  eccentric  and  each  ban*el  seve- 
rally, or  at  least,  that  the  quantity  which  may  so  pass  shall 
be  inconsiderable*  The  eccentric  is  capable  of  rotation  in 
its  own  plane  or  periphery,  but  not  otherwise  with  relation 
to  the  caps ;  and  it  has  a  long  perforation  through  which 
the  sweep  is  put«  consequently  the  sweep  and  eccentric  will 
always  move  together. 

It  may  be  pointed  out,  as  distingubhing  characters  of 
this  engine,  that,  whenever  the  sweep  is  moved,  the  space 
which  is  comprehended  between  the  barrels  and  the  eccen- 
tric, and  the  posterior  or  hinder  surface  of  the  sweep,  will 
be  continually  enlarged,  and  that  the  space  which  is  in 
like  manner  comprehended  between  the  barrels  and  the 
eccentric,  and  the  anterior  or  fore-surface  of  the  sweep, 
will  be  continually  diminished,  excepting  that,  soon  after 
the  sweep  has  passed  at  or  near  the  places  of  contact  be- 
tween the  eccentric  and  the  outer  barrels,  the  posterior 
space  will  be  suddenly  diminished  by  the  separation  of  ali 
that  portion  which  was  comprehended  between  the  eccen- 
tric or  outer,  barrel,  in  consequence  of  the  place  of  contact 
having  come  to  be  behind  the  sweep.  And  also,  that  soon 
after  the  sweep  has  passed  at  or  near  the  place  of  contact 
between  the  eccentric  and  the  inner  barrel,  the  posterior 
space  will  be  suddenly  diminished  by  the  separation  of  all 
that  portion  thereof  which  was  comprehended  between  the 
eccentric  and  the  inner  barrel,  in  consequence  of  the  place 
of  contact  having  come  to  be  behind  the  sweep;  and  the 
said  portions  so  separated  will  then  respectively  become 
portions  of  the  anterior  spaces,  in  consequence  of  the  in- 
terval or  distance  which  will  at  the  same  time  be  formed 
between  the  eccentric  and  the  barrel  immediately  before 
the  sweep.  Whence  it  is  manifest,  that  if  any  fluid  be 
fortred  by  gravity,  elasticity,  or  otherwise,  through  one  or 
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more  apertures  from  without  into  the  space  on  one  side  of 
the  sweep,  that  pressure  will  carry  the  sweep  forward  and 
the  eccentric  along  with  it,  together  with  such  barrel  or 
barrels,  as  by  the  construction  shall  or  may  be  fixed  to  the 
sweep ;  and,  moreover,  if  there  be  any  one  or  more  other 
apertures  communicating  from  the  opposite  side  of  the 
sweep,  in  order  to  allow  the  said  fluid  to  escape,  or  be 
carried  off  or  condensed,  or  otherwise  disposed  of,  allsuch 
portions  of  the  said  fluid  as,  by  the  change  of  situation  of 
the  sweep  herein-before  described,  shall  be  separated  from 
occupying  part  of  the  space  behind  the  sweep,  and  shall 
come  to  occupy  part  of  the  space  before  the  same,  will,  in 
fact,  so'escape  or  be  carried  off,  or  condensed,  or  disposed 
•of,  and  the  rotatory  motion  of  the  engine  will  be  kept  upi 
and  may  be  applied  as  a  first  mover  to  other  works,  so  long 
as  a  due  supply  of  the  said  fluid  shall  be  afforded. 

It  is  manifest,  that  in  case  the  rotatory  motion  of  the 
said  engine  be  produced  by  any  force  not  applied  to  its 
internal  parts  in  the  manner  herein-before  described,  and 
any  fluid  be  admitted  to  communicate  with  the  posterior 
space  within  the  same,  the  said  fluid  so  admitted  will  flow 
into  or  be  absorbed  in  the  said  space,  which  becomes  con- 
tinually enlarged,  and  will  afterwards  be  transferred  to, 
and  drawn  out  of  the  anterior  space,  which  becomes  con* 
tinually  diminished  as  aforesaid  :  and  that,  in  this  applica- 
tion,  the  said  engine  may  be  used  to  raise  or  give  motion 
to  fluids  in  any  direction  whatever.* 

This  rotative  engine  possesses  originality  and  ingenuity, 
which  cannot  be  said  of  many  which  we  have  enumerated. 
Our  readers  will  perceive  that  the  reasons  wTiich  we  have 
given  for  the  failure  of  many  of  such  like  attempts  may  be 
applied  to  this  apparatus  with  no  less  truth.  Friction  has 
been  generally  the  cause  of  their  failure,  and  here  that  fric- 
tion appears  more  than  double  of  almost  all  we  have  yet 
noticed,  for  to  the  friction  of  the  sweep  we  must  add  that 
of  the  ends  of  the  concentric  and  eccentric  cylinders,  which 
are  packed  at  their  peripheries,  besides  the  friction  of  the 
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points  wbere  they  are  in  contact  with  each  other.  If  ma* 
chines  of  this  nature,  when  encumbered  with  only  one  inner 
cylinder,  have  been  inferior  in  effect  to  the  reciprocating 
engines,  it  cannot  require  much  discernment  to  see  that,  in 
this  instance,  where  two  such  cylinders  are  nsed,  the  power 
must  be  trifling  indeed.  Further,  it  may  be  added,  that  all 
the  parts  would  be  liable  to  wear  out  of  the  form  in  which 
they  were  first  constructed,  so  that  no  packing  could  pre- 
serve them  steam-tight.  This  would  take  place  in  a  short 
time,  at  the  sides  of  the  cavity  formed  in  the  eccentric 
cylinder,  for  allowing  the  sweep  to  slide  through  it. 

We  consider  the  machine  we  are  about  to  describe,  in- 
vented by  Mr.  Andrew  Flint,  (and  patented  about  the  same 
time),  as  liable  to  the  objections  we  have  just  mentioned. 
The  difficulty  of  packing  indeed  (all  others  out  of  the 
question)  appeared  to  be  an  insuperable  barrier  to  its  ap- 
plication. 

The  annexed  fig.  1,  is  a  horizontal  section  through  the 
body  of  the  engine.  Fig*  2,  which  is  a  vertical  section  of 
the  same,  in  the  line  ii;x,  of  fig.  1 ;  the  same  parts  in  each 
figure  being  marked  with  the  same  letter.  C  is  the.  outer 
cylinder  of  cast  iron,  or  other  proper  metal ;  D  the  bot- 
tom plate  of  the  same.  E  the  top  plate,  firmly  fastened 
down  by  screws  passing  through  the  projecting  flangs  at 
//.  G  is  the  inner  cylinder,  hollow,  and  divided  by  a  par- 
tition at  A.  The  two  cylinders,  C  6,  must  be  turned  very 
true,  and  placed  exactly  concentrically.  A  B  is  the  hollow 
central  shaft,  cast  in  one  piece  with  the  cylinder  G,  and  form- 
ing an  axis  to  it,  turning  in  the  stuffing  boxes  II.  K  and 
L  are  two  valves,  each  consisting  of  a  top  and  a  bottom 
plate  m  m,  (see  fig.  4),  connected  by  a  portion  of  a  solid 
cylinder  n.  The  plates  m  are  sunk  into  the  plates  D  and 
E,  so  as  to  lie  flush  with  their  inner  surfaces  ;  and  the 
connecting  piece  n  lies  in  and  fills  the  cavity  prepared  for 
its  reception  in  the  outer  cylinder  C,  at  o,  and  thus  com- 
pletes the  inner  surface  of  the  same. 

P  is  the  steam  float,  firmly  attached  to  the  cylin- 
der 6,  and  revolving  with  it  through  the  circular  passage 
.efl  between  the  two  cv1ind<»t*s  *.   which  passing  it  accu- 
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rately  closes  by  means  of  a  packing  composed  of  hemp, 
tallow,  or  other  substances  used  in  steam  engines  for  that 
purpose.     9999  shew  the  manner  of  packing  the  top  and 
the  bottom  plates  of  the  cylinder  6,  and  of  the  valves  K 
and  L,  to  prevent  the  escape  of  the  steam  between  them, 
and  the  top  and  bottom  plates  of  the  outer  cylinder.  This 
isalike  in  all  these  instances,  but  will  be  most  readily  un- 
derstood by  comparing  fig.  1.  with  fig.  3,  which  shews  the 
parts  to  a  large  scale,     r  is  a  circular  groove  sunk  in  the 
inner  surface  of  the  plates  D  and  E,  and  concentrically  to 
the  axis  of  the  cylinder  G,  and  of  the  valves  K  and  L  res- 
pectively.    In  this  groove  is  placed  a  metal  packing  ring 
/,  and  it  is  then  to  be  filled  up  with  a  packing,  against 
which  the  surfaces  of  the  said  plates  of  G,  K,  and  L  work ; 
and  this  packing  may  be  tightened  in  any  degree  necessary 
by  the  screws  sssSj  which  press  upon  the  back  of  the 
packing-ring.     It  is  proper  to  notice,  that  these  circular 
rings  of  packing  should,  in  a  small  degree,  intersect  each 
other  at  I,  to  prevent  the  steam  from  escaping  between 
them  into  the  vacuous  parts  of  the  engine.  Q  Q  are  chases 
filled  with  packing,  to  prevent  a  similar  escape  of  the  steam 
behind  the  valves.  The  steam-float  P  is  to  be  packed  in  its 
place  by  means  of  the  circular  aperture  in  the  top  plate  £, 
which  aperture  must  be  securely  closed  by  a  plate  fitted  into 
it,  and  confined  by  a  strong  dog  ;  or  the  packing  may  be 
introduced  by  holes  in  the  outer  cylinder  G,  which  may  be 
closed  in  a  somewhat  similar  manner ;  but  this  mode  is 
considered  as  less  secure,  when  steam  of  great  elasticity  is 
employed.     It  is  evident,  that  if  steam  of  sufficient  force 
be  admitted  through  the  hollow  shaft  A,  it  will  fill  the 
lower  division  of  G,  and  passing  through  the  hole  6,  into 
tbe  circular  passage  already  described,  where  (the  valve  L 
being  first  placed  across  the  said  passage,)  it  will  act  upon 
the  steam-float  P,  with  a  power  proportioned  to  its  elasti- 
city and  the  area  of  P,  and  thus  face  it  round  till  it  passes 
the  valve  K,  the  steam  before  it  finding  a  vent  by  the  hole 
7,  into  the  upper  division  of  G,  and  so  through  the  shaft 
B  into  the  condenser.   If  now  the  valve  K  be  shut,  the  re* 
^tion,  as  it  is  termed,  will  take  place  against  it,  and  the 
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valve  L  may  be  opened  to  allow  free  passage  to  tke  steam- 
float.  These  valves  are  placed  in  the  required  position  by 
the  working  gear.* 

It  is  our  business  next  to  describe  the  inventions  of  Mr. 
R.  Wilcox,  of  Bristol,  whom  we  have  already  noticed  in 
another  part  of  this  section.  He  obtained  a  second  pa« 
t6nt  in  1805,  for  a  number  of  rotatire  engines,  which  arc, 
in  our  opinion,  exceedingly  ingenious.  The  work  enti- 
tled Stuart's  History  of  the  Steam  Engine,  has  passed 
over  the  contrivances  of  this  gentleman,  by  remarking 
that  they  vary  from  Mr.  Flint's  only  in  some  trifling  alter- 
ations of  the  cocks  and  steam  pipes.  But  it  will  be  seen 
that  this  is  incorrect,  as  some  of  the  plans  described  differ 
entirely,  not  only  from  Mr.  Flint's,  but  from  every  pre- 
vious attempt  of  the  kind. 

Fig.  1.  is  a  vertical  section  of  one  of  his  plans,  as  attache  1 
to  the  common  condenser,  for  the  purpose  of  shewing  one 
of  the  most  simple  and  compact  arrangements,  where  the 
steam  is  condensed.  A,  the  outside  case  or  cylinder,  fixed 
to  the  framing  of  the  condensing  cistern,  or  any  other 
more  suitable  and  convenient  framing  that  the  engineer 
may  find  most  appropriate  or  suitable  to  the  locality  of 
the  premises,  where  the  engine  is  to  be  erected.  B  B,  the 
inside  or  revolving  cylinder,  attached  to  and  connected 
with  the  vertical  shaft,  which  is  the  first  mover,  and  which 
gives  a  rotative  power  to  any  description  of  machinery  re- 
quiring the  same,  through  the  medium  of  a  spur  wheel 
fixed  to  the  said  shaft,  when  a  vertical  motion  is  required ; 
or  with  a  beviUgear  wheel,  where  a  boris^ontal  motion 
is  wanted.  CC,  moveable  pallets,  gates,  or  valves,  for 
regulating  the  operation  of  the  steam  in  the  engine ;  one 
of  the  said  pallets,  Sec.  is  attached  to  the  fixed  cylinder  A, 
and  the  other  to  the  interior  cylinder  B,  as  is  more  dis- 
tinctly seen  in  fig.  3,  and  the  references  annexed.  D,  the 
steam  valve  for  the  admission  of  steam  between  the  said 
pallets.  E,  the  exhausting  valve,  for  the  egress  of  steam. 
The  gear  required  for  opening  and  shutting  the  valves  D 
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and  E^and  for  opening  and  shutting  thesaid  pal  lets  or  gates, 
C  C,  is  so  nearly  similar  to  that  of  common  engines,  thai 
it  would  be  useless  to  describe  it  further  than  that  the 
said  valves  D  and  E  require  to  be  opened  and  closed  at  the 
same  time,  whereas,  in  general,  they  are  opened  and  shut 
alternately  by  the  plug  tree,  or  other  simple  and  well- 
known  means.  F,  the  top  of  the  cylinder,  composed  of  a 
ring  of  metal,  for  pressing  the  packing  round  the  moveable 
cylinder  ;  the  lid  is  screwed  down  with  screws,  as  is  usual 
in  securing  the  lids  or  tops  of  cylinders.  6  6,  two  rings  of 
metal  pressed  by  screws,  from  a  lever  secured  to  the  top 
of  the  cylinder  F,  for  compressing  the  packing,  and  secur- 
ing the  joifit  of  the  cylinders  A  B.  H  H,  a  circular  channel, 
into  which  the  revolving  cylinder  B  works,  for  the  purpose 
of  preventing  the  ingress  of  air  or  other  fluids  into  or  by 
the  said  interstice  or  channel,  and  which  is  packed  with 
hemp  and  grease,  and  pressed  in  such  a  manner  with  a  ring 
as  thereby  to  render  the  engine  more  efficient,  by  keeping 
Jt  perfectly  tight.  1,  the  common  condenser,  the  air  pump 
of  which  is  wrought  by  studs  or  stops  projecting  from  the 
horizontal  shaft,  or  any  other  simple  or  effectual  way,  which 
the  engineer  may  thinU  proper,  as  is  more  distincly  seen  in 
fig.  3,  which  is  the  end  view  of  the  shaft,  and  the  side  view 
of  the  piston  rods;  the  operation  of  which  is  so  obvious, 
as  not  to  require  elucidation.  Fig.  2  exhibits  a  bird*s  eye 
view  of  fig.  1,  with  the  top  of  the  cylinder  and  compress- 
ing rings  removed,  to  show  the  operation  or  apparatus  for 
opening  and  closing  the  pallets,  gates,  &c.  and  also  part 
of  the  flanges  removed  to  show  the  situation  of  the  valves. 
The  letters  of  reference  in  this  case  of  fig.  2,  are  placed 
upon  the  same  parts  of  the  engine  as  in  fig.  1,  which  it 
would  be  superfluous  to  recapitulate.  C  C,  the  pallets, 
&c.  formed  of  two  or  more  pieces  of  metal ;  one  part  of 
the  said  pallet  is  permanently  secured  to  each  cylin- 
der A  and  B,  whilst  the  other  part  or  parts  turn  on  a 
joint  or  hinge  ;  which  said  joint  or  hinge  is  made  steam- 
tight  or  secured,  together  with  the  whole  of  the  edges 
coming  in  contact  with  the  cylinder,  with  a  hempen  cloth 
itufli'rl   wadded,  or  folded  together,  or  bv  other  similar 
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materials,  capable  of  stopping  the  passage  of  steam,  and 
which  must  be  screwed  or  otherwise  fastened  on  the  front 
of  the  said  pallet ;  and  by  the  pressure  of  the  steam  it  is 
pressed  or  brought  in  contact  with  the  said  pallet  or  cylin 
den,  and  thus  it  effectually  prevents  the  escape  of  steam 
or  other  fluids,  by  or  with  which  the  engine  is  wrought. 
K  K,  two  racks  and  pinions  communicating  by  a  straight 
and  parallel  bar,  working  through  a  stuffing  box  in  the 
sides  of  each  cylinder,  whereby  the  said  valves  are  opened 
and  shut,  whilst  passing  each  other,  from  the  external  part 
of  the  engine,  by  a  piece  projecting  from  the  upper  or 
lower  part  of  the  fixed  cylinder,  which  may  be  placed  at 
the  option  of  the  engineer ;  which  said  piece  in  its  passage 
comes  into  contact  with  the  gear  connected  with  the  said 
pallets,  and  thereby  with  any  of  the  well-known  simple 
methods  or  gear  used  for  the  opening  and  shutting  of  valves 
in  the  present  steam  engines.  The  gates,  &c.  of  the  engine 
are  opened  and  shut  as  occasion  requires.  L,  (fig.  2,)  ex- 
hibits a  second  gate,  &c.  which  in  this  case  slides  backwards 
against  a  straight  parallel  surface  during  the  time  the 
pallet  in  the  revolving  cylinder  is  passing,  when  the  said 
gate  is  sliding  by  the  gear  against  the  revolving  cylinder, 
as  in  the  drawing.  The  said  gates  may  be  opened  and 
closed  in  a  variety  of  ways,  such  as  a  spindle  ground  into 
the  bottom  of  the  fixed  cylinder,  and  connected  by  a  link 
to  the  gate  internally,  or  a  crank  or  compound  lever  may 
be  applied,  instead  of  the  rack  and  pinion,  externally. 

In  another  plan,  Mr.  Wilcox  proposes  a  piston  firmly 
fixed  to  the  interior  cylinder,  and,  instead  of  gates  or  pal- 
lets, he  has  a  plate  of  metal,  which  is  drawn  into  a  recess  as 
the  piston  passes,  and  returned  immediately  into  the  cylin- 
der, so  as  to  become  an  abutment  for  the  action  of  the 
steam. 

In  this  plan,  A  is  the  outside  stationary  cylinder.  B,  the 
inner  cylinder  ;  C,  the  top  of  the  cylinder  and  rings,  as  in 
figs.  1  and  2,  already  explained.  D,  a  plate  of  metal,  as  re- 
presented by  the  dotted  lines,  made  very  straight,  smooth, 
and  parallel,  as  it  respects  its  thickness.  E,  a  small  shaft 
or  axle,  working  through  a  box,  or  a  receptacle  fixed  on 
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(he  outside  of  the  cylinder  A,  allowing  room  sufficient  for 
the  said  plate  to  drop  clear  off  to  the  bottom  of  the  cyJin- 
der,  whilst  an  accurate  incision  is  made  in  the  bottom  and 
side  of  the  cylinder,  sufficient  to  admit  the  said  plate  D  to 
slide  freely  up  and  down,  which  is  effected  by  a  rack  and 
pinion,  or  lever,  or  any  other  simple  contrivance  attached 
or  connected  to  the  extremity  of  the  shaft  E  ;  by  which 
means  the  steam  is  caused  to  act  on  the  same  or  a  similar 
principle,  as  in  fig.  1.  F,  (fig.  4,)  presents  a  second  way  of 
producing  the  same  effect,  namely,  that  of  raising  a  plate 
of  metal  through  an  incision  made  in  the  bottom  of  the 
cylinder  A,  from  a  box  fixed  ..underneath  the  cylinder, 
through  the  medium  of  a  parallel  bar  working  through  a 
stuffing  box,  whereby  the  said  plate  D  is  raised  or  de- 
pressed, as  the  working  of  the  engine  requires. 

^  Fig.  5,  is  a  bird^s-eye  view  of  fig.  4,  with  the  same 
general  letters  of  reference  to  their  respective  parts,  as  in 
fig.  4.  K,  the  steam  passage.  L,  a  passage  leading  or 
communicating  with  the  condenser,  when  the  steam  is  re- 
quired to  be  condensed.  Here  it  may  be  necessary  to 
remark,  that,  although  the  plate  D  be  shown  as  rising  up- 
wards, considering  it  to  be  the  most  convenient  way, 
nevertheless,  the  boxes  necessary  to  receive  the  plates  may 
be  placed  above  the  cylinder,  and  the  plates  may  be  raised 
in  an  oblique  instead  of  a  perpendicular  direction. 

^  Fig.  8,  is  the  plan  of  another  rotatory  engine.  A,  the 
outside  fixed  cylinder.  B,  the  inner  or  revolving  cylinder. 
D  D,  two  or  more  pallets,  working  through  a  deep  stuffing 
box,  and  turned  by  a  lever,  or  other  power,  from  the  ex* 
temal  part  of  the  engine,  alternately  flat  or  edgewise ;  the 
piston  F  is  fixed  to  the  revolving  cylinder ;  B,  is  the  steaai 
passage,  that  to  the  condenser  not  being  shown. 

"  Fig.  10,  IS. a  bird's-eye  view  of  a  rotary  engine,  a» 
wrought  with  a  cock  or  portion  of  a  circle,  whereby  a 
similar  effect  is  produced  as  in  fig.  I, by  or  with  a  portion  of 
circles:  in  these  figures,  8  and  11,  the  lids  of  the  cylinders 
are  removed,  and  a  part  of  the  flanges,  where  the  circles  or 
irregular  cocks  are  used,  is  bioken  off,  to  render  the  work- 
ing parts  conspicuous.     A,  Uie  outer  or  fixed  cylinder. 
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B,  inner  or  revolving  cylinder.  C  C,  the  pallet,  cock,  or 
portion  of  a  circle,  fitted  accurately  into  the  circle  it  pre- 
scribc^s;  with  a  spindle  working  through  the  top  of  the 
cylinder.  D,  the  groove,  into  or  against  which  the  part 
coming  into  contact  with  the  revolving  cylinder  is  secured 
with  a  piece  of  hardened  metal,  in  order  that  the  constant 
friction  of  the  revolving  cylinder  shall  not  injure  the 
pallet  or  cock.  E,  the  passage  to  the  boiler.  F,  the  passage 
to  the  condenser.  G,  the  pallet,  secured  to  the  working 
cylinder.  In  this  figure  two  portions  of  circles  and  cocks 
are  introduced,  for  the  purpose  of  showing  Ciearly  their 
situations  in  different  places,  the  same  as  in  fig.  10. 

'^  Fig.  11  exhibits  a  birdVeye  view  of  a  rotatory  engine, 
as  wrought  by  a  cock  or  cocks,  which  regulate  the  steam 
instead  of  valves,  and  also  act  as  the  principal  cock  or 
pallet  in  the  said  engine.  A,  the  outer  fixed  cylinder.  B, 
the  inner  revolving  cylinder,  with  a  fixed  pallet.  C  C,  the 
cocks,  which  are  wrought  from  the  external  part  of  the 
engine,  by  a  spindle  passing  through  the  top.  D,  a  piece 
of  hard  metal,  introduced  into  the  said  cock,  to  resist  the 
friction  of  the  revolving  cylinder,  as  explained  in  6g.  10. 
E,  steam  passage.     F,  passage  to  the  condenser.*'* 

The  first  of  Mr.  Wilcox's  plans  (1  and  2)  is,  as  far  as  we 
know,  perfectly  original.  Its  great  complexity  has  been, 
no  doubt,  a  great  cause  of  its  abandonment ;  if,  indeed,  it 
was  ever  tried.  The  number  of  racks,  pinions,  gates, 
pallets,  joints,  grooves,  slides,  and  stuflBng  boxes,  must 
instantly  impress  the  mind  of  every  one  with  an  idea  of 
its  great  inferiority  to  the  most  complex  reciprocating 
engine. 

The  second  scheme  (4  and  5),  it  will  be  perceived,  re* 
sembles  in  its  general  principle  one  of  Messrs.  Bramah  and 
Dickenson's  engines,  a  description  and  plan  of  which  will 
be  found  at  page  111,  of  this  work.  The  objections,  there- 
fore, which  have  been  made  against  that  plan,  will  apply 
equally  to  Mr.  Wilcox's. 
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In  the  third  plan  (8)  we  apprehend  that  a  great  waste 
of  steam  would  arise  from  the  difficulty  of  making  the 
pallets,  D,  unite  sufficiently  close  at  the  joints;  besides 
that  the  complexity  would  be  nearly  as  great  as  the  first 
plan. 

The  fourth  and  fifth  plans  (10  and  11)  resemble  that  of 
Mr.  Flint's  so  nearly,  that  we  doubt  not  they  failed  from 
the  same  cause. 

In  the  year  1807,  Mr.  Henry  Maudslay,  of  London,  ob- 
tained a  patent  for  a  Portable  Engine,  in  which  he  intro- 
duced several  ingenious  improvements  on  the  valves  and 
working  parts  of  steam  engines,  which  tended  not  only  to 
reduce  the  friction,  but  altogether  to  Tender  them  tighter 
and  more  compact.  The  accompanying  figure  will  enable 
our  readers  to  understand  what  these  improvements  were. 

A,  represents  a  frame  of  thin  cast  iron,  for  the  purpose 
of  fixing  the  cylinder.  B  B  are  two  cold  water  cisterns, 
of  merely  sufficient  size  to  admit  of  easy  access  to  the 
pumps  within  them ;  they  communicate  with  each  other 
by  a  pipe  a.  C  is  the  cylinder  surrounded  by  a  casing  (6) 
of  copper,  or  other  material.  The  space  between  the 
cylinder  and  casing  is  filled  with  wool,  or  some  other  im- 
perfect conductor  of  heat;  D  is  the  piston  rod,  joined  to 
smaller  rods  carried  down  on  each  side  of  the  cylinder  to 
E,  and  having  an  opening  or  division  so  as  to  avoid  inter- 
fering with  the  main  shaft.  These  rods  are  at  their  lower 
ends  fixed  to  a  wheel  F,  with  a  fluted  rim :  from  the  centre 
of  which  a  connecting  rod,  G,  is  carried  to  the  end  of  the 
crank.  The  wheel  F  runs  between  two  guides,  c  c,  so  as 
to  preserve  the  rectilineal  motion  of  the  rods  E,  and  the 
piston  rod  D.  H  is  the  crank,  a  three-throwed  one.  J,  a 
cross  beam  for  working  the  pumps  POM;  its  motion  is 
procured  by  having  a  fork  underneath  it,  uhich  embraces 
one  of  the  cranks  H,  on  which  is  a  roller  for  reducing 
friction.  By  this  means  the  fork,  and  consequently  the 
beam  and  pump  rods,  are  reciprocated  by  the  revolution  of 
the  shaft.  K  K  is  the  fly  wheel ;  L  is  the  condenser,  con- 
taininir  the  air  pump  M :  N  is  the  hot  water  cistern,  and 
O  the  hoi  water  pump ;  l^  the  cold  water  pump ;  Q,  the 
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injection  cock ;  R  the  steam  pipe  from  the  boiler  to  the 
cylinder;  S  the  eduction  pipe.  The  steam  is  admitted 
into  the  cylinder  by  a  four-way  cock,  which  differs  from 
that  ^nerally  used  by  its  being  considerably  more  lauered, 
which  effectually  prevents  it  from  jamming  by  unequal 
expansion  or  contraction,  an  evil  to  which  the  common 
cock  is  liable. 

There  are  few  machines  which  display  more  ingenuity, 
either  on  account  of  skilful  arrangement  or  neatness,  thar 
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this;  and,  a8 it  regards  its  utility,  it  need  only  be  said,  that 
long-continued  trials  have  fully  established  the  great  ex- 
cellence of  Mr.  Maudslay's  engine.  We  do  not  pass  over 
this  machine,  therefore,  with  so  short  a  description  on  ac- 
count of  any  doubt  respecting  its  merits;  for  were  the 
length  of  our  remarks  to  be  governed  by  our  opinion  of  the 
utility  of  any  machine,  they  would  in  this  instance  extend 
over  several  pages.  But,  however  beautiful  may  be  the  ar- 
rangement of  Mr.  Maudslay's  engines,  this  is  not  their  sole 
merit;  for  Mr.  M.  has,  by  superior  workmanship,  and 
most  careful  attention  to  the  selection  of  good  materials, 
obtained  the  reputation  of  being  one  of  the  best  manu- 
facturers of  steam  engines  in  the  world. 


Mr.  J.  Mead,  of  Hull,  obtained  a  patent  for  a  rotary 
engine,  in  1808,  of  which  the  following  is  a  description. 

A  and  B,  fig.  1 .  are  two  circular  plates  or  shells  of  metal, 
similar  in  their  construction,  having  their  insides  turned, 
or  otherwise  made  very  true  and  correct ;  A  had  its  outside 
uppermost,  and  B  its  inside  uppermost.  Each  of  these 
circular  plates  or  shells  have  a  flange  and  semicircular 
cavity,  formed  for  the  reception  of  the  pistons  which  are 
afterwards  described,  and  a  recess  or  hollow  part  formed 
round  its  centre  for  a  small  circular  plate  to  turn  in. 
Near  to  the  edge  of  each  recess  is  a  small  groove  junning 
quite  round  it ;  in  the  bottom  of  each  groove  is  placed  a 
metallic  ring,  O  O,  capable  of  being  adjusted  by  screws 
on  the  outside  of  each  shell.  At  its  centre  is  a  hollow  pipe 
or  boss,  for  the  reception  of  the  spindles,  F  and  6.  The 
plate  A  has  also  two  holes,  a  a,  fig.  3.  to  which  pipes  are 
fitted,  one  to  convey  steam  into  the  shells,  the  other  to  con- 
duct it  from  them  into  a  condenser,  or  wherever  it  may  be 
required.  C  C,  two  pistons  with  grooves  round  them  to 
admit  of  a  packing  or  wadding.  D  and  E,  two  circular 
plates,  to  which  the  pistons  are  connected  or  made  fast. 
F  and  (i,  two  shafts  or  spindles  ;  the  spindle  G  is  made 
hollow  to  receive  the  spindle  F,  which  passes  through  it. 
H  aud  1,  two  arms  made  fast  to  the  two  spindles;  each  arm. 
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near  its  extremity,  carries  a  wheel  K  and  J,  which  are 
generally  termed  friction  wheels.  L,  a  fly  or  a  regulating 
wheel,  fixed  to  one  end  of  a  shaft  or  moveable  axis,  hav- 
ing in  its  side  opposite  to  its  axis  a  groove  running  across 
its  diameter  for  the  reception  of  the  friction  wheels  J  and 
K,  which  wheelsj  when  the  pistons  are  put^in  motion,  work 
in  it,  and  give  motion  to  the  fly  wheel  and  other  machinery 
which  may  be  connected  with  it.  R  R,  the  hollow  plates 
or  bosses  for  the  spindles  to  work  in ;  S  S,  flanges  by  which 
the  shells  are  fastened  together.  Fig.  2  is  a  front  view  of 
one  of  the  pistons,  with  its  circular  plate,  arm,  and  friction 
wheel ;  J,  the  friction  wheel ;  H,  the  arm  ;  D,  a  circular 
plate,  and  C  the  piston.  V  V  V  grooves  for  the  reception 
of  the  packing  or  wadding,  which  is  to  be  made  fast 
therein.  When  the  engine  is  to  be  put  together,  the  arms 
ire  taken  off  from  the  spindles ;  the  spindle  F  is  then  to 
be  inserted  in  the  hollow  spindle  6,  which,  with  their  res* 
pective  pistons,  are  placed  in  one  of  the  shells,  and  the  one 
shell  placed  over  the  other ;  the  shells  are  then  fastened 
together  with  screws  or  otherwise,  so  as  just  to  admit  the 
pistons  with  their  respective  plates  and  spindles  to  turn 
round  in  their  channels  nearly  steam-tight ;  the  arms  may 
then  be  made  fast  on  the  spindles,  and  the  engine  erected. 
Place  the  direction  of  its  axis  in  a  horizontal  or  lateral 
direction,  parallel  with  the  direction  of  the  axis  of  the  fly, 
but  nearly  as  much  out  of  that  line  as  the  length  of  one  of 
(he  arms,  H  and  I,  taken  from  the  centre  of  the  spindle  to 
the  centre  of  its  friction  wheel,  and  at  such  a  distance  from 
the  fly  as  to  admit  of  the  friction  wheels  moving  freely  in 
the  groove  on  its  face.  By  so  doing,  the  axis  of  the  engine 
will  be  placedeccentric  with  the  axis  of  the  fly.  The  engine 
may  be  fixed  in  an  iron  or  wooden  frame,  and  the  fly  sup« 
ported  in  the  same,  or  a  separate  frame,  in  the  position  be- 
fore pointed  out.  If  the  fly  be  then  turned  half  way  round 
upon  its  axis,  one  of  the  friction  wheels  will  remain  locked 
or  held  fast  in  the  groove  near  its  centre,  anl  the  piston 
with  which  it  is  connected  will  remain  nearly  stationary  in 
the  steam  chamber,  between  the  holes  aa^  while  the  other 
friction  wheel,  with  its  arm,  spindle,  small  circular  plate 
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and  piston,  make  nearly  one  complete  revolution,  round 
their  common  centre  of  motion,  or  the  centre  of  the  engine. 
If  the  motion  of  the  fly  continue  till  it  has  made  one  com* 
plete  revolution  round  its  own  axis,  the  friction  wheel, 
which  was  locked  or  held  fast  in  the  groove  near  its  cen- 
tre, will  move  off  in  the  groove  towards  the  circumference 
of  the  fly,  and  with  its  arm,  spindle,  small  circular  plate^ 
and  piston,  make^' nearly  one  complete  revolution  round 
their  common  centre  of  motion,  or  the  centre  of  the  engine, 
and  the  other  friction  wheel  in  its  turn  remain  locked, 
or  held  fast  in  the  groove  near  the  centre  of  the  fly,  and 
the  piston  with  which  it  is  connected  remain  nearly  stat i« 
onary  within  the  steam  chamber  between  holes  a  a;  and 
so  on,  alternately,  as  long  as  the  fly  continues  in  motion. 
Instead  of  the  hollow  spindle  G,  and  the  solid  spindle  F, 
two  other  solid  spindles  may  be  used,  by  applying  one  to 
each  small  circular  plate,  and  passing  them  through  the 
opposite  pipes  or  bosses,  each  having  its  arm  and  friction 
wheel  as  before,  but  working  in  separate  grooves  mounted 
on  separate  axles,  and  united  by  wheel  work.  When  the 
engine  is  to  be  set  to  work  by  the  force  of  steam,  the  steam 
IS  permitted  to  enter  by  one  of  the  pipes  into  the  steam 
chamber,  where,  by  its  elasticity,  it  will  press  or  act  upon 
both  pistons  nearly  alike;  and  as  one  of  the  pistons  is 
stopped  or  held  fast  by  the  aforesaid  methods,  the  steam 
cannot  pass  into  the  other  pipe  that  way,  but  will  force 
the  other  piston  round  with  its  small  circular  plate,  spin- 
dle, arm,  and  friction  wheel,  and  put  the  fly  in  motion,  and 
continue  it  as  before  explained.  A  similar  effect  may  be 
produced  with  a  concave  globe  or  sphere,  having  within  it 
two  moveable  semi-circular  leaves,  (as  a  substitute  for  the 
pistons,)  with  packings  at  their  edges,  and  united  in  the 
centre  or  axis  of  the  globe  with  joints  or  hinge;),  and  hav- 
ing each  of  them  an  axis  passing  through  the  globe  to  re- 
ceive the  arms  and  friction  wheels  as  before  described,  and 
with  holes  and  pipes  for  the  admission  of  steam.*'^ 
By  referring  to  Hornblower's Engine,  described  at  p  121, 
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it  will  be  seen  that  the  principle  of  the  alternate  revolution 
of  two  pistons  is  adopted,  both  in  his  and  in  Mr.  Mead's  ; 
but  although  there  might  not  be  that  difference  in  the 
latter  engine  as  to  merit  the  name  of  an  original  idea,  yet 
it  is  extremely  ingenious;  and  the  method  whereby  he 
has  endeavoured  to  avoid  the  striking  of  the  two  dia^ 
phragms,  is  probably  the  nearest  approach  to  a  removal  of 
that  evil^  which  wc  stated  was  the  probable  reason  of  the 
abandonment  of  Hornblower's  plan.  For  here,  by  the 
aid  of  the  fly  wheel,  the  moving  piston  is  gradually 
brought  (like  the  piston  of  the  reciprocating  engine)  to  a 
state  of  rest,  so  that  the  striking  ^ould  be  almost  done 
away  with.  This  being  the  case,  we  feel  much  difficulty 
in  satisfying  ourselves  as  to  the  cause  of  failure  :  and,  but 
for  the  assurance  that  it  did  actually  fail,  we  should  have 
almost  expected  that  it  would  have  exceeded  in  effect  any 
rotative  engine  we  have  yet  described.  For  although 
there  is  reason  to  believe  that  the  wadding  or  packing 
would  be  torn  out  of  its  place,  in  passing  over  the  cavities 
for  the  admission  and  exit  of  the  steam,  yet  that  difficulty 
could  be  removed  by  the  substitution  of  metallic  packing. 
If  this  engine  ever  had  a  fair  trial,  under  circumstances 
where  there  were  no  local  inconveniences,  we  confess  we 
cannot  see  why  its  effect  was  not  equal  at  least  to  that  of 
a  beam  engine.  It  is  true,  the  revolution  is  neither  con- 
tinuous nor  equable,  but  this  is  no  more  the  case  with  any 
engine  in  use ;  but,  on  the  contrary,  a  much  greater  mass  of 
matter  in  others,  that  is  to  be  brought  to  rest  at  each  change 
of  motion. 

Mr.  Samuel  Clcgg,  of  Manchester,  obtained  a  patent 
for  a  Rotative  Engine,  in  the  year  1809,  the  principle  of 
which  is  thus  explained. 

^^Fig.  1.  is  the  underside  of  a  circular  piece  of  cast  iron, 
and  of  a  diameter  and  thickness  proportioned  to  the  size  of 
the  engine.  I  is  the  common  centre  of  the  different  circles 
shown  on  this  piece.  With  any  convenient  radius,  lees 
than  that  of  A  A,  describe  the  circle  C  C,  and  within  the 
latter  the  circle?  D  D  and  EE, — the  radius  of  the  latter 
being  the  least  of  tho.so  now  named.     From  the  uses  of 
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these  parts,  which  will  be  immediately  described,  an  idea 
of  their  relative  dimensions  will  readily  be  inferred.  Let 
that  part  of  the  surface  A  B,  AB  which  is  contained  be* 
tween  the  circles  A  and  C,  be  plain.  Between  the  circles 
C  and  D  sink  a  circular  groove  CD  of  any  given  depth  ; 
and  between  the  circles  D  and  E  let  another  circular 
groove  be  cut,  of  the  breadth  D  E,  and  of  any  given  depth 
less  tbaa  that  of  the  groove  C  D.  Let  the  remaining  part 
of  the  surface  A  B,  namely,  that  included  between  E  and 
B,  be  cut  down  to  any  depth  less  than  the  depth  of  the 
groove  DE. 

*^  Into  the  groove  C  D,  let  such  a  number  of  segments  of 
a  circle  be  fitted  as  shall  form  a  complete  circle,  except- 
ing the  space  at  L,  which  is  occupied  by  adjusting  screws 
or  springs^  to  keep  the  segments  close  together.  The  seg« 
meats  are  the  breadth  (or  nearly)  of  the  groove  CD,  and 
of  a  deptli  less  than  that  of  the  groove  C  D.  Those 
sndes  of  them  which  apply  to  each  other  are  to  be  ground 
together  plain,  and  air-tight  if  possible.   Their  under  sur* 
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faces^  which  are  shown  in  fig.  I,  are  to  be  flat,  so  that  the 
whole  may  form  one  complete  plain  surface,  excepting  the 
space  before-mentioned,  which  is  taken  up  by  adjusting 
screws  or  springs  L,  which  screws  or  springs  tire  placed  so 
far  below  the  surface  as  to  let  a  roller  pas-;  by  them,  which 
will  be  mentioned  hereafter. 

^^  Fig.  2.  reprei^cnts  a  vertical  section  of  the  plate  and 
grooves  of  fig.  I ,  resting  upon  a  circular  chamber  or  hollow 
space  Y  Y,  to  which  chamber  the  said  plate  forms  a  light 
covering,  excepting  that  space  occupied   by  springs  or 
screws  L  L,  as  before-mentioned.     1,  the  centre  of  all  the 
grooves  and  circles  before-described,  is  also  the  centre  of 
the  shaft.     On  the  shaft  1  is  fastened  a  plate  or  coupling 
Z,  in  which  is  inserted  a  bar  F:  this  bar  may  be  of  any 
given    breadth,  but  in  depth  must  be  less  than  that  to 
which  the  circle  £U  was  cut  below  the  surface  AB;  to 
this  bar  is  attached  a  wheel  or  roller  G,  shown  in  fig.  3, 
upon  u  larger  scale.     The  manner  in  whic|i,lt  is  attached 
to  the  bar  F  is  also  there  seen,  and  it  is  so  attached  to  it 
that   the  top  of  the   wheel  or  roller  G  shall  always  be 
higher  than  the  top  of  the  bar  F.     The  wheel  G,  being 
attached  to  the  bar  F,  will,  when  the  bar  is  made  to  re- 
volve, describe  a  circular  patb  H  H  H  along  the  pl^iin  sur- 
face of  the  segments,  before  described.     Let  that  portion 
of  the  plain  surface  of  each  segment  which  answers  to  the 
path  of  the  roller  G  be  rounded  ofi^,  in  such  a  manner  as  to 
make  that  portion  of  the  surface  an  arc  of  a  circle,  thr- 
con\ox  circumference  of  which  is  presented  to  the  roller 
G.     In  fig.  3,  at  H,  is  shown  a  perpendicular  view  of  one 
of  the  segments,  rounded  off  in  the  manner  described,  and 
pres(Miiiiig   its   convex   circumference   to    the   roller   G. 
There  may,  likewise,  be  another  roller  attached  to  the  bar 
behind  it,  to  lower  down  the  segments  in  the  same  manner 
in  which  they  are  raised  by  the  first  roller.    Now  it  is  ob- 
vious, all  the  said  segments  being  in  their  places  in  the 
groove  C  D,  fig.  1,  that  the  roller  G,  in  performing  a  re- 
volution round  the  centre  1,  m  ist  travel  along  a  series  of 
convex  arcs  of  circles,  equ  il   rn  number  to  the  number  of 
srgmonts  in  the  groove  CI).     The  groove  D  K  is,  in  farr. 
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SI  recesd  in  the  deeper  groove  C  D,  and  may,  if  necessary^. 
be  filled  with  hemp  or  tallow,  or  any  other  material  which 
may  answer  the  purpose  intended. 

^  It  must  be  remembered  that  fig.  1.  is  a  view  of  the  un- 
derside of  the  machinery.  Fig.  2.  is  a  section  of  it,  sap- 
posed  to  be  in  its  proper  position,  resting  as  a  cover  to  the 
circular  chamber  Y  Y,  and  the  segments  resting  upon  a 
flat  facing  OO.  Each  segment  projects  over  the  facing 
OO  on  both  sides ;  their  projection  on  one  side  completes 
the  cover  over  the  hollow  chamber,  and  the  other  is  the 
rounded  surface  for  the  roller  to  lift  them.  The  facing 
OO  is  exactly,  or  as  nearly  as  can  be,  level  with  the  under- 
side of  the  plate  A  B  A  B,  when  the  plate  is  on  its  place, 
as  represented  in  fig.  2  ;  so  that  when  the  segments  are  all 
in  their  places,  they  complete  the  semi-circular  chamber, 
and  fit  so  close  on  their  seats  and  in  the  groove,  that  were 
the  chamber  to  be  filled  with  any  elastic  fluid,  they  would 
prevent  its  escape,  or  nearly,  excepting  where  the  space  is 
left  for  the  springs  or  adjusting  screws*  The  use  of  these 
segments,  which  are  what  the  patentee  claims  as  his  invent 
/ion,  is  as  follows:— Conceive  a  door  or  valve  to  be  fitted 
in  the  hollow  chamber  at  Q,  and  a  piston  R,  likewise  fitted 
in  the  chamber  so  as  to  move  round  in  it,  and  the  bar  F 
made  fast  to  the  piston,  on  the  side  and  in  the  manner  re- 
presented in  fig.  1  ;  then,  if  an  elastic  fluid  of  sufficient 
strength  enters  the  chamber  at  N,  it  will  press  eqtiiiily 
against  the  door  or  valve,  ai  d  the  piston  ;  but  the  door  or 
valve  being  immoveable,  and  the  piston  moveable,  (he  pis- 
ton will  be  propelled  forward  in  the  circular  chamber  by 
the  elastic  fluid.  The  bar  F  being  fastened  to  the  piston, 
and  the  roller  G  to  the  bar  F,  in  the  manner  represented 
in  fig.  3,  and  the  roller  being  in  motion  with  the  bar  and 
piston,  the  roller  will  lift  the  segments  in  succession,  as  it 
comes  in  contact  with  them.  The  segments  before  the  bar 
being  by  this  means  lifted,  allow  the  bar  to  pass,  and  the 
operation  being  the  same  in  all,  the  bar  and  piston  make 
a  complete  revolution.  Each  se<gment,  as  soon  as  the  bar 
*«i\(-  't,  falls  down  by  its  own  gravity,  or  by  springs,  or 
an)  other  contrivance,  so  that  the  opening  which  is  made 
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for  the  bar  to  pass,  is  closed  before  the  elastic  fluid  reaches 
it ;  the  elastic  fluid  beinfj^  kept  from  the  opening  by  the 
inner  breadth  of  the  piston  exceeding  the  outer  diameter 
of  each  segment.  The  door  or  valve  is  lifted  out  of  the 
W9J  of  the  piston,  when  the  piston  comes  in  contact  with 
it,  into  the  opening  in  the  plate  at  N,  a  recess  being  made 
in  that  stegment  which  is  opposite  the  door  for  that  purpose ; 
during  which  time  the  elastic  fluid  is  shut  out,  but  it 
enters  again  when  the  door  returns  to  its  seat,  and  thus 
the  operation  continues. 

^^  In  fig.  2,  C  is  the  condensing  vessel,  a  the  air  pump, 
6  the  air-pump  buckets,  d  the  hot  water  cistern,  e  the  clack. 
ff,  the  inclined  plane  for  working  the  air-pump  bucket,  is 
fastened  in  the  shaft,  and  consequently  revolves  with  it. 
To  the  air-pump  bucket  is  attached  a  hollow  tube,  through 
which  the  shaft  goes.     To  this  tube  is  fastened  a  cross 
bar,  at  each  end  of  which  is  a  roller  r,  resting  upon  the 
inclined  plane :  of  cotrse,  when  the  plane  revolves,  the 
backet  rises  and  falls.     The  plane  is  divided  into  two  dif- 
ferent angles,  so  as  to  make  it  more  acute  where  the  bucket 
rises,  but  nearly  an  angle  of  45*^  where  the  bucket  de- 
scends, as  represented  in  the  drawing.     The  injection  en- 
ters the  groove  above  the  blocks,  and  keeps  about  three 
inches  of  water  upon  them  :  the  injection  then  enters  the 
condenser  out  of  the  groove,  as  seen  at  X.  Each  segment  or 
block,  K,  is  of  suflicient  weight  to  resist  the  pressure  against 
that  part  of  their  under  surface  which  is  over  the  semi- 
circular chamber,  and  will  generally  be  about  five-eighths 
of  an  inch.     The  blocks  may  be  likewise  lifted  exactly  in 
their  centre  of  gravity,  by  means  of  a  lever  in  the  upper 
part  of  the  groove,  and  worked  by  a  roller  or  small  in- 
clined plane  fastened  to  the  shaft,  as  represented  by  the 
dotted  lines  ;  and  as  it  is  not  necessary  for  the  blocks  to 
rise  more  than  half  an  inch  or  five-eighths,  the  motion  will 
be  very  easy  ;  and  whatever  descending  power  the  blocks 
have,  they  will  propel  the  bar  forwards  proportioned  to 
their  weight  and  the  space  through  which  they  move,  so 
that  there  is  only  the  friction  of  the  blocks  to  overcome. 
Supposing  the  pressure  on  the  piston  to  be  800  lbs.  the 
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weig^ht  of  all  the  blocks  will  be  about  500  lbs.  for  flueh  a 
siaed  piston,  and  will  seldom  exceed  more  for  the  largest 
engines,  as  the  space  for  the  bar  to  pass  will  be  nearly  the 
same  in  all^  the  strength  of  the  bar  depending  upon  its 
breadth,  not  on  its  thickness :  thus,  800  lbs.  will  move 
through  the  space  of  16  feet,  whilst  600  lbs.  go  through  the 
space  of  half  an  inch ;  then,  if  the  descending  of  the  blocks 
be  taken  into  consideration,  as  before  described,  the  fric- 
tion of  the  blocks  will  make  no  sensible  difference  to  the 
progress  of  the  piston.  The  lid  M  being  the  only  opening 
into  the  engine,  and  the  only  stuffing  bot,  and  that  covered 
with  water,  no  air  can  enter  but  what  is  contained  in  the 
water  used  for  injection."* 

It  is  our  opinion  that  this  patent  would  never  have  ex-^ 
isted,  had  Mr.  Clegg  been  acquainted  with  the  etkcts  of 
steam  acting  on  a  lever,  as  explained  at  page  69.  It  is 
there  shown  that  no  increase  of  effect  is  gained  byinoreas* 
ing  the  length  of  the  lever  ;  for  although  steam  of  a  given 
pressure  acts  on  a  lever  of  two  feet  from  the  fulcrum  with 
twice  the  effect  it  does  on  a  lever  of  one  foot,  yet  it  is  ap- 
parent that  the  consumption  of  steam  is  also  double,  and, 
therefore,  that  the  power  is  as  the  steam  consumed. 
Though  it  is  presumed  that  this  fact  is'too  well  known  to 
need  minute  explanation,  yet  it  is  necessary  now  to  mention 
it,  since  there  can  be  little  doubt  but  that  if  Mr.  Clegg 
had  be^n  aware  of  it,  he  never  would  have  made  use  of 
those  segments  which  alone  constitute  his  patent ;  the  pur* 
pose  of  such  segments  being  (as  has  been  explained)  to  ob- 
tain the  effect  of  the  steam  in  a  channel  at  some  distance 
from  the  centre  of  motion,  without  making  use  of  the  in- 
terior cylinder  or  plate,  used  in  most  of  such  engines. 

No  advantage,  therefore,  arises  from  the  use  of  these 
segments,  but,  on  the  contrary,  the  extreme  nicety  of  their 
fitting  is  a  considerable  drawback ;  and  we  apprehend  also, 
that  they  would  soon  become  deranged,  and  suffer  the 
steam  to  escape.  But  the  most  objectionable  part  is  the 
valve,  which  has  to  be  struck  out  of  its  place,  whilst  the  piai- 
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(oD  is  (ravelling  at  its  fall  speed  ;  indeed^  there  can  be 
little  doubt  but  that  the  npid  destruction  of  this  valve  was 
the  cause  of  failure. 

Mr.  William  Chapman's  Rotary  Elni^uie,  patented  in 
1610}  is  represented  by  the  accompanying  drawing. 


(Chapman's  Rotary  Engine.     1810.) 

A  represents  a  drum*  packed  on  its  two  enas,  and  re< 
solving  within  an  exterior  cylinder  C  C,  so  that  a  channel 
is  formed  between  the  two  cylinders,  in  which  the  steam 
acts  upon  the  flaps  F  G.  I  is  a  cavity  filled  with  hemp, 
which  eQectually  stops  up  the  passage  or  channel;  an  ad- 
justing screw  K  tightens  up  the  packing  as  it  wears;  D  is 
the  steam  pipe,  and  E  the  escape  pipe.  The  steam  being 
iolrodiiced  at  D  presses  upon  the  valve  or  flap  F,  which 
recedes  from  the  pressure,  until  the  valve-  G  having 
reached  the  roller  H,  is  shut  into  the  cavity  L,  and  passes 
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under  the  stop  I.  As  soon  as  it  has  cleared  the  stop,  ■ 
pin  on  the  outside  strikes  a  lever  attached  to  the  spindle 
on  which  the  flap  is  hung,  opening  it  out  again  as  before, 
so  that  it  fills  up  the  passage  and  receives  the  action  of  the 
steam,  allowing  F  to  be  shut  at  the  proper  place,  without 
interrupting  the  revolution  of  the  axle.  More  explanation 
is  unnecessary,  as  the  drawing  fully  shows  the  plan. 

An  engine  on  this  principle  was  tried  at  the  iron  works 
of  Messrs.  Hawks  &  Co.  Gateshead,  in  the  county  of 
Durham ;  but  so  great  was  the  noise  made  by  the  flaps 
striking  the  roller,  that  many  of  the  workmen  who  heard 
it  imagined  the  sounds  to  proceed  from  a  tilt  hammer.  It 
was  also  found  impossible  to  keep  it  steam-tight,  by  the 
greatest  attention  to  the  packing.  Another  engine  of 
larger  dimensions  was  also  tried  on  the  Tyne,  but  finally 
abandoned  for  the  same  reasons. 

Mr.  Richard  Witty,  of  Hull,  procured  a  patent,  in  1810, 

or  an  engine,  the  revolution  of  which  was  effected  by 

veights  being  alternately  drawn  to  and  driven  from  a 

entre,  round  which  a  working  cylinder  or  cylinders  re- 

olved,  there  being  attached  to  the  piston  rod  or  rods  a 

•I umber  of  weights.     These  weights  were  drawn  as  near 

as  possible  to  the  centre  on  the  ascending  side,  and  are 

projected  outwards  on  the  descending  side,  as  far  as  possi- 

)le  from  the  axis. 

In  the  following  year,  Mr.  Witty  took  out  a  second 
mtent  for  improvements  on  the  former  plan,  which  im- 
jrovements'consisted  in  making  the  piston  draw  or  force 
,ound  the  machinery,  whilst  itself  moved  both  in  a  rec- 
i  linear  and  r^otary  motion  in  a  cylinder ;  which  revolved 
ipon  an  axis.  The  mechanical  contrivances  by  which  this 
ivas  effected  were  of  various  kinds,  which  caused  the  power 
of  the  piston  to  draw  or  force  the  cylinder  round.  We 
here  give  thocfe  which  we  conceive  to  be  most  deserving 
of  notice. 

A,  fig.  1,  is  the  cylinder,  shorter  and  wider  than  fixed 
cylinders,  with  its  piston  B,  the  rod  of  which  works  air- 
tight, through  the  stuffing  boxes  a  a,  at  each  end  of  the 
eyltnder.  with  a  provision  at  w  to  blow  the  air  and  water 
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at  starting,  wnen  required.  The  axis  or  shaft,  C  C,  is 
fastened  at  right  angles  to  the  cylinder,  with  screw  bolts 
through  flanch  t  L  In  the  axis  are  cast  or  bored  two  ducts 
or  channels^  e  /,  of  sufficient  capacity  to  admit  steam  to 
supply  the  cylinder.  The  ends  of  these  duett  are  securely 
plugged  up.  The  side  pipes,  h  and  g,  are  joined  to  the 
sides  of  the  axis,  and  communicate  separately  with  the 
ducts,  6/,  in  such  a  manner  that  the  pipe  h  shall  commu- 
nicate with  the  duct  6,  and  the  pipe  g  with  the  duct/. 
The  other  ends  of  these  pipes  are  joined  to  the  ends  of  the 
cylinder.  D  D  is  the  concentric  collar,  through  which 
the  taper  part  of  the  axis  works  air-tight;  to  this  collar 
are  screwed  the  steam  pipe  E,  and  eduction  pipe  F;  the 
former  leading  from  the  boiler,  and  the  latter  to  the  con- 
denser and  the  exhausting  pump.  The  two  holes  in  the 
collar,  where  the  two  pipes  are  joined,  are  made  in  the 
form  of  a  parallelogram,  so  that  when  the  cylinder,  side 
pipes,  and  shaft,  turn  round  through  the  collar  D  D,  the 
communications  betwixt  the  boiler  and  cylinder,  and  the 
cylinder  and  condenser,  will  be  open  alternately  during 
half  the  revolution,  and  each  side  of  the  piston  will  be 
open,  or  exposed  alternately  to  the  steam  and  the  con- 
denser. 

Fig.  2.  represents  what  is  called  the  cardioid  motion, 
attached  to  the  engine.  It  consists  of  a  parallelogram, 
frame,  or  trammel  groove,  joined  to  the  piston  rod  by  the 
two  triangles  M  M,  M  M.  The  two  fViction  wheels,  N  N, 
are  hung  betwixt  the  ends  of  these  triangles,  and  the 
piston-rod  and  rim  betwixt  the  side  joints  o  o  o  o,  cast  or 
Bcrewed  upon  the  covers  of  the  cylinder.  At  the  distance 
of  half  the  stroke  of  the  piston  from  the  centre  of  the 
cylinder  shaft  is  fixed  a  strong  stud  or  pin,  having  a  strong 
knee  crank,  at  right  angles  from  it,  to  support  the  gudgeon 
end  of  the  cylinder  shaft  at  S.  On  the  round  part  of  this 
stud  runs  a  wheel  P,  filling  the  trammei  groove,  and  the 
square  is  driven  tight  into  another  piece  of  cast-iron,  and 
keyed  fast,  and  this  is  bolted  down  to  a  beam  of  wood,  as 
at  K,  fig.  3.  When  the  steam  is  admitted  under  the  piston, 
the  trammel  groove  moves  with  the  piston  rod,  and  is 

10.  2* 
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tarned  from  a  rectilinear  to  a  rotary  direction  by  the  stud 
P,  reBisting  on  one  aide  of  the  trammel,  and  causes  the 
cylinder  to  roTolve  towards  the  stud,  and  as  it  rcTolves 
the  grooTe  comes  perpendicular,  or  at  right  angles,  to  the 
situation  in  which  it  is  seen  in  the  figure,  the  cylinder  lies 
horizontally,  the.piston  is  at  the  extremity  of  its  stroke,  and 
the  alternations  oi  the  steam  take  place  at  that  instant  in 
the  axis.  )n  this  position,  the  engine  may  be  said  to  be 
passing  centres,  similar  to  that  of  a  beam  engine,  when 
passing  the  vertical  position  of  the  crank;  and  thus  a  con- 
tinued revolving  of  the  cylinder  is  effected,  while  its  piston 
describes  a  circle^  the  diameter  of  which  is  half  the  length 
of  the  stroke. 

Fig.  S.  is  a  contrivance  for  applying  the  force  of  the 
piston  upon  a  wheel  R,  or  crank,  which  revolves  upon  a 
separate  axis  at  W,  placed  half  the  length  of  the  stroke  oi: 
the  piston  from  the  centre  of  the  cylinder  shaft  X,  which 
is  supported  by  a  knee  from  or  through  the  centre  of  the 
wheel,  similar  to  the  contrivance  for  supporting  the  gud- 
geon of  the  cylinder,  fig.  8.  The  diameter  of  the  wheel  is 
made  equal  to  the  length  of  the  piston  rod ;  and  has  its 
rim  made  to  incline  or  project,  in  order  that  the  piston 
rod  may  lay  hold  of  it  alternately  at  the  stops  y  y. 

On  inspecting  the  first  invention,  namely,  the  method  of 
obtaimng  a  revolving  motion  by  the  shifting  of  weights,  it 
appears  to  us  that  Mr.  Witty  has  quite  mistaken  the 
object  which  engineers  have  had  in  view,  in  their  attempts 
to  obtain  a  rotative  engine.  It  will  by  this  time  be  seen 
that  the  object  was  principally  to  avoid  the  waste  of  effect 
by  giving  motion  to  a  mass  of  matter,  and  bringing  it  to 
rest  at  each  movement  of  the  piston  of  a  steam  engine.  It 
will  also  be  seen  that  these  weiglits  (the  particular  posi- 
tion of  which  constitutes  the  power  of  Mr.  Witty's  engine) 
have  to  be  moved  and  brought  into  rest,  exactly  in  the 
same  manner  as  those  parts  of  a  steam  engine  whose  mo- 
tion causes  the  inconvenience  complained  of.  The  same 
objection,  therefore,  applies  to  his  in  a  tenfold  degree,  for 
the  common  engine  has  only  to  overcome  the  inertia  of 
Much  a  quantity  of  material  as  may  be  necesRarv  for  suffi« 
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cient  9  .i*ength ;  but  here,  the  whole  power  being  obtained 
by  the  weights  which  are  moved,  the  inconvenience  sus- 
tained by  reciprocation  in  engines  of  large  powers  will  be 
readily  conceived. 

Mr.Witty's  improved  method,  in  which  he  dispenses 
with  these  weights^  displays  considerable  ingenuity.  It 
cannot,  however,  be  properly  called  a  rotative  engine, 
because  the  steam  does  not  act  upon  piston,  vane,  or  any 
thing  whose  motion  is  rotative  :  his  invention  is  merely  a 
new  way  of  applying  the  action  of  a  common  piston.  The 
best  mode,  therefore,  of  appreciating  its  merit  is  by  com- 
paring it  to  a  cranked  engine,  and  in  doing  tbis  we  shall 
endeavour  to  show  its  inferiority. 

The  patentee  states  its  advantages  to  consist  in  saving 
the  power  which  is  lost  by  reciprocation,  and  in  dispensing 
with  a  fly  wheel.  To  the  first  it  may  be  said,  that  although 
the  beam  and  some  of  its  appendages  are  not  necessary,  yet 
the  increase  of  the  friction  by  the  use  of  a  grooved  frame,' 
and  the  danger  of  bending  the  piston  rod  by  its  oblique 
application  in  forcing  round  the  engine,  are  greater  incon- 
veniences than  those  attendant  on  a  beam ;  to  which  it  may 
be  added,  that,  when  a  crank  is  used,  there  are  two  points 
where  the  crank  receives  its  impulse  at  right  angles  to  the 
direction  of  the  force,  and  is  impelled  in  the  same  line 
with  the  piston,  which  is  of  course  the  most  advantageous 
application  of  its  power ;  but  in  no  part  of  the  revolution 
of  this  engine,  in  any  of  its  modifications,  does  the  impulse 
come  much  nearer  the  direction  of  the  produced  motion 
than  an  angle  of  45"^. 

Nor  do  we  think  that  a  fly  wheel  can  be  dispensed  with; 
it  being  quite  evident  that  the  different  degrees  in  the 
obliquity  of  its  direction  must  render  a  fly  wheel  absolutely 
necessary  to  produce  an  equable  motiou. 

On  this  principle  is  the  Revolving  Engine  of  Mr. 
Samuel  Morey,  now  used  in  several  American  steam 
boats.  As  there  ia  considerable  novelty  in  the  mode  of 
generating  the  steam,  we  apprehend  its  insertion  will  not 
be  considered  superfluous. 
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(Jfr.  Samuel  Morel's  Engme.) 

a  a  Of  are  the  steani  boilers ;  6  b,  the  tar  vessels,  to  be 
■rterwards  described ;  c,  the  valve  box;  dd,  the  two  re- 
folving  cylinders,  shown  in  different  positions;  ee,  the 
piston  roils ;  /^  the  **  pitman ;"  A,  the  centre  piece ;  i,  t, 
fixed  supports  for  the  irame;  k  k,  the  valves;  //,  the 
steam  pipes ;  m  m,  the  escape  pipes ;  n  n,  the  condensers ; 
vv,  the  face  of  the  valves,  shown  in  separate  figures; 
X,  the  tar  fire. 

The  frame,  which  holds  the  cylinders  d  d,  is  suspended 
by  its  opposite  sides  so  as  to  revolve.  The  centre  piece  A, 
acting  as  a  crfink,  is  fixed  to  (he  end  of  i,  projecting^  over 
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the  cylinder,  and  from  this  centre  piece  the  bar  or  pitma 
y  communicates  with  the  cross  head  of  the  piston  rod 
Two  circular  pieces  or  vaWes  Jb,  one  of  brass  and  the  other 
of  iron,  are  placed  on  the  bearance  t,  but  on  the  outside 
of  the  frames  one  of  them  being  fixed  to  the  axis^  and  the 
other  accompanying  the  frame  and  cylinder  in  their  revo- 
lution. From  this  last  valve  proceed  the  pipes  /  /,  which 
conduct  the  steam  to  each  end  of  the  cylinder.  The  valve 
has  a  smooth  face,  which  is  kept  close  by  springs  to  the 
face  of  the  other  valve,  which  is  fixed  to  the  shaft.  The 
steam  is  conveyed  from  the  boilers  through  the  outer 
valve  into  the  moving  valve,  and  from  the  opposite  side  of 
the  outer  valve  proceed  the  eduction  pipes,  which  lead 
to  the  condensers. 

These  condensers  are  upright  vessels,  two  of  whieh 
belong  to  each  cylinder ;  they  are  connected  at  top  by  a 
sliding  valve  box,  by  which  the  steam  is  made  to  enter 
them  alternately.  They  have  two  valves  at  the  bottom^ 
which  are  kept  closed  by  weights.  A  stream  of  water  is 
injected  into  the  condensers,  which  escapes  by  the  bottom 
valves  p  p,  by  which,  also,  the  air  is  blown  out  at  every 
stroke ;  in  this  manner  the  engine  is  at  first  cleared  of  air. 

In  order  to  give  a  reversed  motion  to  the  engiffe,  two 
cocks  and  cross  pipes  are  employed,  for  the  purpose  of 
changing  the  passage  of  the  steam  to  the  opposite  sides  of 
the  valves. 

When  the  engine  is  thus  constructed,  the  steam  admitted 
below  the  piston  by  the  lower  pipe  f,  forces  up  the  piston 
rod  e,  and  the  cross  head  at  its  upfier  extremity.  This 
cross  head,  carrying  along  with  it  the  bar/,  acts  upon  the 
crank  A,  which  thus  gives  a  rotatory  motion  to  the  shaft 
1.  1.,  and  of  course  to  the  cylinders  and  frames;  the  shaft 
K  1.  by  means  of  a  pinion  2.  2.  drives  the  paddle  wheel. 

With  the  view  of  saving  fuel,  this  engine  has  the  Gas 
Fire  applied  to  it  in  the  following  manner: — ^The  boilers 
are  cylindrical,  with  an  inside  flue  for  fuel,  two  or  three, 
lure  placed  closely  together,  and  set  in  the  following  man- 
ner ;  first,  cross  bars  of  iron  are  laid  on  the  timbers;  a 
platform  of  sheet  iron  is  laid  on  these  bars,  coated  over 
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with  clay,  mortar,  or  cement,  to  keep  out  the  air.  Upon 
the  sheet  iron,  and  oyer  the  bars  below,  are  placed  cast 
iron  blocks,  in  shape  to  fit  the  curve  of  the  boiler,  so  as  to 
raise  it  three  or  four  inches  above  the  platform.  The 
sheet  iron  is  continued  up  the  outsides  of  the  outer  boilers 
so  as  to  enclose  them ;  and  at  one  end,  between  the  boilers, 
there  are  small  grates  for  coal  or  other  Aiel. 

The  tar  vessel  or  vessels  are  lodged  in  the  space  be«- 
tween,  and  upon  the  boilers,  and  a  small  fire  may  be  made 
under  them,  if  necessary.  A  pipe  leads  steam  in  at  one 
end,  two  pipes  at  the  other;  one  near  the  bottom,  one  near 
the  top,  lead  out  the  tar  and  steam.  These  pipes  unite 
below;  the  steam  and  tar  thus  mingled,  in  suitable  pro- 
portions, flow  to  the  plain  fire,  or  the  fines  of  the  boilers^ 
as  well  as  to  the  coal  fire  below,  where  the  gas  and  tar  are 
tgttited.  The  fireman  judges  of  the  proportions  of  each 
by  the  effiBct;  the  objeet  being  to  produce  a  nearly  white 
^une,  without  appearance  of  tar.  Thus  flame  is  applied 
to  the  greatest  possible^  surface,  and  the  apparatus  ad^s 
very  little  c6st  to  the  engine. 

Mr.  Morey  has  also  made  two  other  improvements  in 
the  boiler*  The  first  of  these  consists  in  lining  or  covering 
the  Ihie  within  with  sheet  iron  or  copper,  perforated  with 
SBiall  holes,  reaching  doww  its  sides  nearly  to  the*  bottom* 
By  tbia  contrivance  the  water  is  made  to  circulate'  rapidly 
between  the  flue  and  the  tining,  up  to  the  top  of  the  ilue^ 
and  thus  protects  it  from  being  ran  dry,  or  heated  red  hot, 
when  the  water  gets  by  accident  too  low.  In- consequence 
of  this  circulation,  the  lining  causes  the  steam  to  form 
much  faster. 

The  other  improvement  consists  in  an  interior  boiler  or 
vessel,  occupying  the  back  part  of  the  flue,  and  communi- 
catiog  downwards  with  the  water,  and  upwards. 

Several  engines  of  Mr.  Morey's  construction  have  been 
erected.  The  Hartford  steam  boat,  T7  feet  long,  21  feet 
wide,  and  136  tons,  is  propelled  by  one  of  them.  In  this 
veasel,  the  engine  with  its  boiler  occupies  a  space  of  16 
feet  by  13,  or  one  eighth  part  only  of  the  boat ;  the  cylin- 
ders being  hung  in  the  timbers  of  the  deck,  over  the 
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boilers.  The  two  cylinders  are  17  inches  each  in  diameter, 
and  have  a  stroke  of  18  inches,  and  revolve  50  times  in  a 
minute.  The  area  of  the  piston  being  abont  227  inches, 
it  will,  when  worked  with  steam  of  501bs,  have  the  power 
of  100  horses^ 

The  Ilotative  Engine  of  Mr.  Onions,  of  Brbtol,  patented 
1812,  differs  essentially  from  all  we  have  described..  The 
invention  consists  of  an  annulus  or  hollow  ring  connected 
by  hollow  arms,  with  a  revolving  shaft  also  hollow.  The 
steam  is  admitted  at  one  end  of  this  shaft,  passes  through 
one  of  the  arms,  and  thereby  gets  into  the  rim,  in  which 
are  valves  so  placed  as  to  prevent  the  steam  from  acting 
in  more  than  one  direction.  The  annulus  is  nearly  half 
filled  with  a  metallic  alloy,  composed  of  eight  parts  of 
bismuth,  five  of  lead,  and.  one  of  quicksilver.  The  pro- 
perty of  this  alloy  is,  that,  although  solid  at  the  common 
temperature  of  the  atmosphere,  it  becomes  fluid  in  boiling 
wnter  or  steam.  The  steam,  therefore,  when  introduced 
into  the  wheel,  after  first  fusing  the  alloy,  forces  it  up  on 
one  side  of  the  wheel,  thereby  making  it  heavier  than  the 
other :  the  metal,  in  attempting  to  regain  its  e<|uilibriam, 
causes  the  wheel  to  revolve  ;  and  the  supply  of  steam  being 
continued,  the  revolution  is  kept  up.  For  a  more  perfect 
comprehension  of  this  machine,  our  readers  may  inspect 
the  drawing  we  have  given  of  Watt's  Rotative  Engine,  at 
page  74,  where  the  operation  of  the  valves,  and  entrance 
and  escape  of  the  steam,  are  effected  in  a  somewhat  similar 
manner.  The  machines  in  fact  will  be  nearly  the  same,  if 
we  suppose  Mr.  Watt's  weight  to  be  a  fluid  instead  of  a 
solid  one. 

A  singular  mishap  befel  this  machine  on  its  first  trial. 
It  is  a  property  of  bismuth  that,  like  water,  it  expands  as 
it  crystallises,  or  becomes  solid,  so  that,  on  the  morning 
succeeding  its  trial,  the  engine  was  found  broken  or  rather 
burst  into  small  fragments,  owing  to  the  expansion  of  the 
alloy.  This  result,  therefore,  proved  that,  in  order  to 
preserve  the  engine,  it  was  necessary  either  to  keep  it  con- 
stantly hot,  or  to  remove  the  metal  before  it  became  solid; 
either  of  which  would  be  a  suflicient  objection  to  ita 
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adoption.  Bui  there  are  besides,  other  difficulties  to  con- 
tend with  in  this  kind  of  engine,  which  we  shall  notice  in 
our  remarks  on  Masterman's  steam  wheel. 

loMr.  Xrevi  thick's  patent  of  1815  is  introduced  a  column 
or  riog^  of  i^ater,  which  running  round  the  piston  renders 
tbe  whole  air-tight.     By  this  means  he  avoids  a  great  pro- 
portion of  the   iisual  friction,  a  very  moderate  degree  of 
tightness  in  the  packing  being;'  in  practice  found  sufficient 
to  prevent  the  passage  of  so  dense  a  fluid  as  water.     The 
second  part  of  this  invention  consists  in  causing  steam  of  a 
bigh  temperature  to  spout  out  against  the  atmosphere, 
and  by  its  recoiling  force  to  produce  a  motion  in  a  direc- 
tion contrary  to  the  issuing  stream,  similar  to  the  motion 
produced  in  a  rocket  wheel,  or  to  the  recoil  of  a  gun,  by 
which  means  a  rotative  action  is  produced.  Mr.  Trevithick 
%Wo  ^escribes  three  other  improvements  on  the  high- pres- 
sure engine,  the  latter  of  which,  though  only  applied  to 
nautical  purposes,  is  by  far  the  most  important.     It  con- 
sists in  employing  a  spiral  worm  or  screw,  similar  to  the 
vanes  of  a  smoke<-]ack,  which  being  made  to  revolve  at  the 
head  or  stern  of  the  vessel,  produces  the  required  motion. 
Mr.   Turner's   Rotary  Engine,  patented  in  1816,  dis- 
plays extraordinary  ingenuity  and  excellence  ;  we  there- 
fore give  from  the  specification  a  more  enlarged  account 
of  it  than  of  most  other  such  inventions. 

^  Fig.  1.  is  a  plan  of  the  engine,  represented  as  if  opened 
to  show  the  internal  structure.     Fig.  2.  is  another  plan. 
Figs.  3.  and  4.  are  sections,  taken  through  the  axis  of  the 
engine  in  different  directions,  to  show  the  internal  parts. 
A  A,   BB,  CC,  is  the  cylinder,  or  external  case  of  the 
engine,  made  in  two  or  more  parts,  which  are  fastened  to- 
gether with  screws,  so  as  to  form  a  circular  or  annular 
passage,  the  transverse  section  of  which  is  likewise  circu- 
lar, as  shown  at  E  E,  figs.  3.  and  4. ;  the  piston  F^'  ^.  1.,  is 
accurately  fitted  into  this  circular  passage,  and^  W caused 
to  revolve  therein  by  the  pressure  of  the  steam'^  which  is 
applied  behind  it  or  on  the  side  F,  whilst  a  vacuum  is  made 
before  it,  or  on  the  side  G.     The  piston  being  connected 
with  a  central  plate  G,  which  is  fixed  fast  upon  the  axis 
10.  2  F 
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(Tumer^s  /lotary  Engine.    1816.) 
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(Tamer^M  Sotary  ^ine.    1810.) 

or  shaft  H  ,  the  said  shaft  is  put  in  motion,  and  by  fffaeel 
worli  I,  or  other  machinery  which  is  best  adapted,  the  power 
of  the  engine  is  communicated  to  any  usefnl  purposes  to 
which  it  is  intended  to  be  applied.  The  means  by  which 
the  force  of  steam  is  made  to  produce  the  rotatory  motion 
■9  as  follows  :  two  valres  or  sliders,  K  and  L,  are  applied 
at  the  opposite  sides  of  the  annular  passage  or  cylinder, 
E  E,  in  the  manner  represented  in  figs.  1 .  and  3.  The  edge 
of  the  central  plate  G,  which  has  the  projecting  arm  to 
communicate  with  (he  piston,  must  be  made  so  that  they 
can  be  made  to  shut  up  the  passage  of  the  cylinder,  EG, 
as  represented  at  L,  and  prevcTit   the  passage  of  the  Btcam 


TURNER   S    UOTARV.EN'OtNE. 

through  the  same,  or  the  slider  may  be  opened,  as  shown 
by  the  dotted  lines,  to;^ow  the  piston  F  to  pass  freely 
through  the  cylindeK^  this  is  done  by  moving  it  sideways 
on  its  centre  3,  out  of  the  cylinder  into  the  box  or  case  M, 
firhich  is  provided  for  its  reception.  The  sliders  are  put 
in  motion  by  a  communication  from  the  outside  of  the 
engine,  so  that  each  one  shall  begin  to  open  as  soon  as  the 
piston  F  approaches  it,  and  shall  be  conipletely  opened 
whilst  the  piston  passes  by,  and  that  it  shall  then  descend 
again  upon  its  seat.  N  O,  figs.  I .  and  4.,  are  two  passages, 
through  each  of  which  the  steam  is  alternately  introduced 
and  withdrawn  from  the  cylinder ;  the  two  passages  are 
placed  on  opposite  sides  of  the  centre  of  the  engine,  and 
are  provided  with  valves  or  cocks,  which  are  adapted  to 
be  opened  and  shut  by  the  action  of  the  machinery  in  such 
succession,  that  when  steam  is  entered  from  the  boiler, 
into  the  cylinder  at  one  passage,  it  shall  be  going  out  into 
the  open  air,  or  to  the  condenser  at  the  opposite  passage. 
The  machinery  which  actuates  the  slides  K  L,  and  the 
machinery  which  opens  the  valves  for  the  admission  and 
exhaustion  of  the  steam  through  the  passages  N  and  O, 
act  in  concert  with  each  other,  and  also  with  the  motion 
of  the  piston  F;  so  that,  as  soon  as  possible  after  the  piston 
has  passed  by  the  seat  of  a  slider,  the  same  shall  be  lowered 
down  into  its  place,  ready  to  close  the  passage  of  the  cylin- 
der behind  the  piston,  and  the  instant  the  piston  has  passed 
by  the  next  opening,  the  steam  is  admitted  to  flow  therein, 
and  act  between  the  slider  and  the  piston,  to  force  the 
same  forwards  in  the  cylinder  by  its  expansive  force. 

'^  To  explain  the  action  of  the  engine  more  clearly,  sup- 
pose the  parts  in  the  position  of  fig.  1. ;  the  slider  L  is  shut^ 
and  the  steam  is  flowing  through  the  passage  O  into  the  space 
between  the  slider  L  and  the  piston  F,  at  the  same  time  the 
passage  N  is  open  to  the  condenser,  to  exhaust  the  steam 
from  the  remaining  part  of  the  cylinder,  and  remove  the 
pressure  from  the  front  side  G  of  the  piston.  In  conse- 
quence, the  pressure  of  the  steam  acting  behind  the  pis* 
ton  of  the  side  F,  puts  the  same  in  motion  in  the  direction 
of  the  arrow,  and  drives  the  arm  of  the  central  plate  be- 
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fore  it*  The  slider  K,  now  in  the  act  of  openiag,  and  by 
the  time  the  projecting  part  of  the  plate  G  arrires  at  ita 
seat,  it  will  be  quite  open  into  the  box  M ,  where  it  will 
remain  until  the  piston  F  has  passed  by  its  seat ;  it  then 
begins  to  descend,  and  by  the  time  the  piston  arrives  at 
the  opening  of  the  passage  N,  the  slider  K  will  be  com- 
pletely sl^^ut,  and  stop  the  cylinder.  The  instant  the  pis- 
ton  has  passed  over  the  opening  of  the  passage  N,  the 
9team  valves  are  changed  by  the  machinery,  so  as  to  admit 
the  steam  into  the  passage  N,  and  also  to  allow  the  st^am 
to  pass  away  through  the  other  passage  O  to  the  conden- 
ser ;  in  consequence,  the  steam  enters  the  space  between  N 
and  K,  and  thus,  being  behind  the  piston,  drives  it  still 
forwards  towards  the  slider  L,  which  immediately  be- 
gins to  rise  by  the  action  of  the  machinery,  and  as  soon 
as  the  projecting  part  G  of  the  central  plate  approaches  it, 
it  will  have  retreated  into  the  box  M,  leaving  the  cylinder 
free  for  the  passage  of  the  piston.  Immediately  after  the 
piston  has  passed  the  slider,  L  descends  again,  and  gets 
settled  to  its  place  by  the  time  the  piston  arrives  at  the 
opening  O ;  and  the  instant  the  piston  has  passed  over  this 
opening,  the  steam  valves  are  changed  again,  so  that  the 
steam  will  be  admitted  at  O  behind  the  piston,  and  act  be- 
tween the  slider  li  and  the  back  of  the  piston  to  force  it 
forwards,  which  is  the  same  position  represented  in  the 
figure.  By  this  means  the  pressure  of  the  steam  is  always 
made  to  act  behind  the  piston,  and  the  vacuum  is  made 
before  the  same.  The  sliders  K  and  L  are  put  in  motion 
by  levers  9  and  10,  which  are  fitted  on  the  outsides  of  the 
boxes  M,  but  move  upon  the  same  centre  pins  3,  as  the 
sliders  move  upon  withinside  the  boxes,  the  levers  being 
forked,  as  shown  at  fig.  5,  to  reach  on  each  side  of  the 
boxes,  and  the  centre  pins  3,  pass  through  the  sides  of  the 
boxes,  and  also  through  both  forks  of  the  levers  9, 10,  but 
do  not  turn  round  in  the  holes.  To  communicate  motion 
finom  the  levers  at  the  outsides  of  the  boxes  to  the  valves 
withinside,  curved  rods,  11^  11)  are  carried  from  the  levers 
through  the  sides  of  the  boxes  M,  and  jointed  to  the  arm 
of  the  sliders  ;  stuffing  boxes  are  formed  round  the  rods  to 
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make  tight  fittings  where  they  pass  through  the  sides  oi 
the  boxes  M ;  the  ends  of  the  levers,  9,  10,  are  made  to  be 
included  in  an  eccentric  groove  or  rein  Z  T,  fixed  to  the 
central  axis  H ;  the  form  of  this  is  shown  in  fig.  2,  and  is 
such  as  to  hold  the  sliders  shut,  except  during  the  time  that 
it  is  necessary  to  lift  up  the  same  to  allow  the  piston  to 
pass  by.    To  make  the  diders  fit  steam-tight  when  they 
are  shut,  they  are  made  rather  larger  than  the  diameter  of 
the  cylinder,  and  are  received  in  grooves  made  round  in 
the  inside  thereof,  and  the  valves  are  ground  against  one 
of  these  faces  of  each  of  these  grooves,  so  that  they 
will  fit  tight  without  any  packing.     The  piston  b  made  of 
several  segments  put  together,  with  springs  behind  them^ 
to  throw  them  out  against  the  inside  surfiice  of  the  cylin- 
der, and  it  is  thus  made  tight  without  any  packing  of  hemp^ 
^^  The  edge  of  the  central  plate  G,  which  has  the  pro^- 
jecting  arm  to  communicate  with  the  piston,  must  be  made 
to  fit  tight  between  the  upper  and  lower  halves  which 
compose  the  cylinder,  so  as  to  prevent  the  escape  of  steam 
between  them,  and  at  the  same  time  leaving  the  said  plate 
freely  at  liberty  to  revolve  in  the  space ;  for  this  purpose 
the  edge  of  the  plate  is  surrounded  by  two  rings  of  brass, 
5  and  6,  which  are  laid  one  upon  the  other  with  springs 
between  them,  so  as  to  throw  them  against  the  upper  and 
lower  surfaces  of  the  central  space,  to  which  they  are  ac* 
curately  fitted  by  grinding ;    these  rings  extend   round 
rather  more  than  half  the  circumference  of  the  plate  6, 
and  are  attached  thereto  by  a  joint-pin  7,  fi^.  I,  which 
causes  them  to  revolve  with  it ;  but  they  require  no  other 
fastening,  as  the  pressure  of  the  steam  will  keep  them  in 
their  places. 

^'  To  prevent  the  escape  of  the  steam  through  the  open* 
ing  or  division  between  the  two  rings  5  and  6,  a  third  ring, 
7,  8,  fitted  to  them,  covers  the  joints,  and  the  external 
edge  of  this,  which  is  made  round  or  semi-circular  like  a 
bead,  is  received  into  corresponding  notches  made  in  the 
edges  of  the  sliders,  and  thus  to  make  a  fitting  between 
the  edges  of  the  sliders,  when  the  same  are  closed,  and  the 
edge  of  the  moveable  central  plate.  The  valves  which  are 
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«D  ^tdmit  alternately  the  steam  into  the  passage  N  O, 
may  be  cooBtructed  in  the  same  manner  as  the  valves  for 
the  ultimate  supply  of  the  upper  and  lower  part  of  the 
eylinder  of  any  common  steam  engine  ;  but  the  most  con- 
venient manner  df  doing  this  is  shown  in  fig.  4.  Q  Q,  b  an 
iron  box,  into  which  the  steam  from  the  boiler  is  admitted ; 
this  box  is  fixed  beneath  the  cylinder  of  the  engine ;  17, 
18,  are  two  openings  from  which  curved  tubes  proceed  up- 
wards to  the  openings,  N  O,  of  the  cylinder ;  there  are 
also  two  other  openings,  19  and  20,  which  turn  downwards 
with  crooked  tubes  to  the  condenser  S.  TV  are  boxes  or 
caps  fixed  at  the  opposite  ends  of  a  lever  T  W  Y,  of  which 
W  is  the  centre  of  motion  ;  the  boxes  or  cups  are  intended 
to  cover  the  openings,  in  the  manner  represented  by  the 
figure,  and  the  faces  or  edges  of  the  boxes  are  ground  to 
fit  close  upon  the  flate  plate  or  surface,  in  which  the  open- 
ings 17  and  18  are  made*  When  the  box  T  is  up,  as  in  the 
figure,  it  covers  the  two  openings,  17  and  19,  so  as  to  con- 
nect them  together,  and  therefore  the  steam  in  the  cylin- 
der will  be  drawn  off  through  17  and  19  to  the  condenser ; 
at  the  same  time  the  box  V  at  the  opposite  end  of  the 
lever  is  drawn,  and  in  this  position  the  box  leaves  the 
opening  18  uncovered,  so  that  the  steam  with  which  the 
box  18  filled  will  have  free  passage  into  the  cylinder  ;  by 
moving  the  lever  T  V  on  its  centre  W,  sufficiently  to  raise 
up  the  box  y,  and  depress  the  other  T,  the  action  will  be 
exactly  reversed,  viz*  the  box  Y  will  connect  the  openings 
18^  leading  from  the  cylinder,  at  the  opening  20,  which 
leads  to  the  condenser ;  and  the  opening  17,  will  be  un- 
covered^  so  as  to  admit  the  steam  from  the  box  through  it 
into  the  cylinder  at  the  opening  N.*' 

There  is  great  ingenuity  displayed  in  the  formation  of 
this  machine,  and  the  whole  shows  much  mechanical  abi- 
lity ;  nev^theless  there  are  defects  of  a  sufficiently  promi- 
nent nature  to  account  for  its  failure.  The  very  common 
fault  of  great  friction,  arising  from  the  use  of  the  revolv- 
ing plates,  is  here  a  difficulty  which  we  conceive  could  not 
be  readily  overcome  ;  but  the  principal  cause  would  be 
leakai^e,  arising  from  the  impossibility  of  keeping  the  rub« 
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hin^  surfaces  steam-tight.  This  leakage  wauld  take  place 
principally  in  the  part  where  the  sliders  should  be  in  cpn* 
tact  with  the  central  plate;  it  appears  to  us  that  the  rapid 
motion  of  the  slider  must  necessarily  cause  it  to  rebound 
from  t)ie  plate,  and  leave  an  open  space  for  the  escape  of 
the  fiteam  ;  we  also  apprehend  that  the  surfisices  of  each 
slider  would  in  a  short  time  become  so  irregularly  worn, 
that  it  would  not  fit  its  seat  on  the  surface  of  the  groove, 
for  the  top  and  bottom  of  the  slider  are  constantly  in  con<^ 
tact  with  the  surface  of  the  groove,  during  the  whole  of 
its  motion,  whilst  the  sides  (speaking  relatively,  for  there 
can  be  neither  tops  nor  sides  of  a  circle)  are  merely  in 
contact  at  the  time  the  slider  is  moving  through  a  space 
equal  to  the  depth  of  the  groove.  This  will  produce  a 
greaier  n^ar  on  one  part  of  the  slider  than  another,  and  of 
course,  in  time,  cause  the  joint  to  allow  an  escape  of  steam. 

Another.fault  in  this  machine  is,  that  the  mode  of  work- 
ing the  sHders  by  means  of  the  semi-circular  rods  is  a  very: 
insecure  method  ;  and  from  the  indirect  application  of  the. 
power  necessary  to  work  theaiy  there  is  a  constant  danger 
of  bending  the  rods,  and,  consequently,  leavinv'  the  slider* 
in  the  groove.  If  this,  were  to  happ6n/^ the  piston  in  ks 
revolution  would  oome  violently  in  contact  with  the  slider, 
and  most  likely  cut  it  in  two,  or  dtherv^ise  injure  it  and 
the  rest  of  the  engine  beyond  repair.*' 

A  patent  was  obtained  by  Mr.  Jpshua  Routledge^  of 
Bolton-le^^Moor,  in  the  year  1818,'  for  a  Rotary  Engine, 
of  which  the  aooompanying  drawing  is  a  section,  and  may 
be  thus  eicplaihedh 

Suppose  thai  steam-stop  G,  and  the  lever  H  6,  to  be> 
properly  packed  in  the  situation  represented  by  the  draw- 
ing, so>tlMrithe  steam  cannot  escape  past  either  one  or  the 
other,f;it  wiil  be  evident  that  if  the  steam.be  admitted 

through  the  pipe  6  into  the  space  M ,  the  lever  H  b  will  be 

.     J    —-  ■  .^  _-       , 

*  The  author  of  Stuart^s  History  of  the  Steam  Engine  states — "that 
the  general  arrangement  of  the  parts  and  manner  of  action  of  this  en- 
gine resembles  Mr.  Mead's/*  This  apology  for  omitting  the  iugenioos 
apparatns  of  Mr.  Mead  is  singular  enough,  as  no  two  machines  which 
W6  have  described  can  be  more  essentially  different 
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propelled  forward  towards  C,  tliroHgh  the  space  Q,  until 
(he  sloping  part  H  comet*  in  contact  with  the  lower  point 
»f  the  steam  stop  C,  which  will  then  turn  upon  a  steam- 
tigbt  joint  or  cestre  O,  and  riae  up  iato  the  box  or  cham- 
ber D,  until  the  lever  H  b  has  pa»ed  by.  The  pressure  of 
the  Btean  then  compels  the  atop  C  to  follow  the  lever 
down  the  inclined  plane  A,  until  it  comes  into  its  former 
resting  place,  where  it  remains  stationary  upon  the  cylin- 
drical part  of  the  lever,  aaaeen  in  the  drawing,  until  again 
rabed  by  the  sloping  part  H  as  before.  During  the  time 
that  the,  point  H  fr  is  passing  the  steaan-top  C,  the  steam 
(hat  had  last  carried  the  lever  round  makes  its  escape 
through  the  pipe  B,  either  into  the  open  air  or  into  a  con- 
.  deiHer,  and  new  steam  i^  again  instantly  admitted,  and, so 
en  continually.  When  the  engine  is  thus  constructed 
with  only  one  arm  or  lever,  there  is  about  one-tenth  of 
(he  circle  or  revolution  where  the  steam  has  no  power  ; 
the  motion  of  the  engine  is  then  kept  up  by  the  velocity 
10.  2  a 
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already  given  to  the  fly  wheel ;  but  when  two  arms  or 
levers  are  used,  as  in  large  engines,  then  the  steam  is  made 
to  act  with  equal  force  through  the  whole  of  the  revo* 
lution. 

A  patent  was  obtained,  in  the  year  1818,  for  a  Rotary 
Engine,  by  Mr.  John  Malam,  of  Westminster,  which  in 
its  general  ppnciple  resembles  those  of  Messrs.  Cartwright, 
Chapman,  ai^d  Routledge ;  the  details,  however,  are 
somewhat  dij^eni.  The  main  point  of  difference  is, 
that  Mr.  AL^l^ln  purposes  to  cause  his  external  cylinder 
to  revolve,  and^eave  the  interior  one  at  rest.  This  he  pur* 
poses  to  eflWct  by  using  a  ^Meaden  piston,"  which  by  its 
weight  will  ftlways  remain  at  or  near  the  lowest  part 
of  the  circle,  whilst  the  steam  acts  upon  valves  or  flaps 
which,  after  they  pass  the  piston,  open  out  and  receive 
the  action  of  the  steam.  There  are  three  of  such  valves, 
which  are  exactly  the  same  as  those  used  in  the  engines  of 
the  persons  just  mentioned,  and  operate  in  the  same  w^>^ 
The  piston  consists  of  a  heavy  block  of  lead,  fitted  exactly 
by  packing  or  otherwise  to  the  cylinder;  and  the  whole 
apparatus  differs  so  little  in  other  respects  from  those, 
that  it  is  apprehended  no  further  description  will  be  ne- 
cessary; The  motive  of  the  patentee,  in  causing  the  ex* 
temal  cylinder  to  revolve,  was  evidently  to  avoid  the 
inequality  of  wear  which  may  arise  from  fixing  the  exter- 
nal cylinder,  and  making  the  internal  parts  to  revolve; 
for,' in  the  latter  method,  the  axis  and  machinery  attadied 
to  it  have  a  tendency  to  wear  downwards  by  graviitation^ 
and  ^et  out  of  truth ;  this  would  in  time  cause  the  cylin* 
dor  to  assume  an  dval  form,  and  thereby  render  it  difficult 
to  be  kept  tight  by  packing,  and  this  (it  should  be  ob- 
served by  the  way)  has  been  considered  as  one  objection 
among  the  many  urged  against  rotary  engines,  though 
peirhaps,  if  every  other  could  be  overcome,  this,  on  account 
of  the  length  of  time  which  must  elapse  before  it  could 
occasion  a  serious  inconvenience,  would  not  operate  to 
prevent  the  successful  application  of  such  an  engine. 

But  it  roust  appear  to  all,  that  the  patentee's  plan  of 
<'i  viating  this  evil  is  but  a  clumsy  and  iU-contrived  one« 
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The  Talves  out  of  the  question  (the  faults  of  vrhich  ha^e 
been  already  explained),  we  cannot  for  a  moment  think 
that  the  weight  or  piston  could  affbrd  an  abutment  of  mf- 
iicient  firmness  and  steadiness  to  produce  any  regular  and 
equable  motion;  indeed,  we  dotebt  whether  any  weight, 
placed  as  this  was,  could  remain  dtationsry-  whilst  passing 
oyer  tli«  inequalities  of  siich  a  eyRnder,  and  enduring  the 
varied  force  of  the  steam  upon  the  changing  of  the  valves. 
There  can  be  little  doubt  but  that  it  would  vibrate  to  and 
fro,  as  each  valte  opened  and  shut,  and  thereby  destroy  as 
much  power  by  reciprocation  as  any  steam  engine  ever 
known.  ■ 

The  ^anlc  specification  likewise  contains  a  description 
of  another  rotary  engine,  in  which  t|ie  abutment  consisis 
of  mercury,  water,  or  fusible  metal,  such  as  lead  and  bis* 
muth.  In  this  engine  there  are  three  drumsj  the  exterior 
one  forms  a  casing  or  jacket  to  the  secohd,  and  is  kept 
heated  by  steam  or  hot  air.  These  two  outer  drnihs  are 
stationary,  whilst  .the  iAnet  one  revolves  upeA'  its  axis,  one 
end  of  which  is  tubular,  for  the  admission  of  the  steam. 
There  are  attached  to  the  moving  cylinder  certain  cdW^ 
partitions,  which  form  chambers  something  like  the  buckets 
of  a  water-wheel*  The  steam  being  introduced  through 
fbe  hollow  axler  after  filling  the  inner  cylmdar,  flows  into 
OBe  of  the  compartments  formed  by  the  curved  partition, 
and  pressing  updn  the  fluid,  ca'uses  the  drum  to  rise  on 
that  side  and  revolve  upon  hs  aide;  this  suflers  the  steam 
to  enter  the  compartiibent  underneath  *  (he  first,  (in  a 
manner  not  clearly  described),  and  force  it  out  of  the  fluid. 
The  first  compartmeoi  is  by  this  time  above  the  level  of 
the  fluid,  and  the  steam  at  liberty  to  esdhpe  ihto  the 
channel  abof  e,  which  communicates  with  a  condenser  or 
the  open  air.  The  chambers  are  tbvb  fitted  with  steam, 
and  raiaefl  in  succession  above  the  surfiacie  of  the  fluid,  and 
produce  ^  constant  rotation  of  th^axis. 

This  latter  scheme  differs  liftle  from  the  Steam  Wheel 
of  Sir  W.  Congreve,  which  is  pimply  an  overshot  wheel 
completely  immersed  in  sortie  liqitfid,  in  which  it  is  made  to 
revoh'e  by  the  introduction  of  stMm  underneath  the  iti- 
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verted  buckets,  which  by  displacing  the  water  with  Which 
they  are  filled,  renders  one  side  of  the  wheel  buoyant,  and 
causes  it  to  ascend.  By  this  means  the  buckets  are  suc- 
cessively brought  above  the  induction  pipe  and  filled  with 
steam,  which  continues  the  buoyancy  of  the  ascending  side, 
and  keeps  up  a  constant  revolution  of  the  axis.  The  steam 
in  the  buckets  is  disdiarged  into  the  air  as  soon  as  they 
have  reached  the  surface  of  the  fluid,  the  latter  then  en- 
teriag  them  and  occupying  the  place  of  the  steam. 

Neither  of  these  schemes  is  sufficiently  meritorious  to 
.demand  much  consideration,  and  they  only  deserve  notice 
because  they  have  engaged  the  attention  of  highly-talented 
indiyiduHls.  Mr.  Bryan  Donkin  and  Mr.  Malam  have 
both  tried  the  same  plan,  and  found  that  the  effect  bore  a 
very  sipall  proportion  to  the  steam  expended.  This  was 
mainly  atlribated,  in  the  water  engine,  to  the  large  quan- 
tity of  exposed  liquid  which  is  to  be  maintained  at  a  tem- 
perature equal  to  that  of  the  steam,  and  to  the  difficulty 
of  getting  the  steam  into  the  buckets  without  allowing  a 
considerable  portion  of  it  to  escape  through  the  water, 
without  at  all  aiding  the  revolution  of  the  wheel.  An 
insuperable  difficulty  also  was  encountered  regarding  the 
temperature  of  the  water ;  ibr  if  the  water  were  below  the 
boiUag  point,  a  great  portion  of  the  steam  was  condensed, 
and  if  at  or  above  that  temperature,  the  water  was  speedily 
dissipated  in  vapour,  and  required  to  be  replenished  by 
more  water,  which,  if  not  sufficiently  hot,  again  produced 
condensation,  but  if  it  were  used  boiling  hot,  a  separate 
boiler  was  necessary  to  supply  the  reservoir. 

Any  one  of  these  difficulties,  however,  we  apprehend 
would  be  sufficient  to  prevent  success,  and  this  may  account 
for  the  iailure  of  the  mercury  engine  of  Mr.  Malam,  in 
which  it  appeacs  that  the  great  evil  would  be  the  steam 
wasted,  by  escaping  past  the  sides  of  the  compartments; 
for  without  the  nicest  regulation  of  the  supply  of  the  steam, 
not  one  half  of  it  would  take  its  place  in  the  bucket,  owing 
to  the  facility  with  which  it  might  displace  the  mercury 
and  rush  through  it  to  the  surfhce,  and  so  to  the  eduction 
pipe.    We  are  not  able  to  speak  as  to  the  oxidization 
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nbtch  would  take  place  on  tbe  mercury,  when  exposed  to 
constant  heat,  bnt  we  apprehend  this  would  be  very  con- 
tiderable,  and  of  course  add  to  the  defects  of  the  plan. 

We  described  in  a  former  part  of  this  work  a  very 
simple  modification  of  Savery^s  plan  of  raising  water  in 
the  engine  of  Mr.  Nuncarrow ;  and  from  the  great  sim* 
plicity  of  another  apparatus,  on  the  like  principle,  we  are 
induced  to  give  an  account  of  it.  We  allude  to  the 
machine  of  Mr.  Ponttfex,  of  Shoe  Liane,  London,  whose 
improvement  consists,  it  will  be  seen,  in  rendering  the 
machine  a  self-acting  one;  but,  besides  this,  the  skilful 
arrangement  of  the  parts,  and  the  precision  and  certainty 
of  its  movements,  make  it  an  object  worthy  of  attention. 
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^'6  6  are  two  steam  cylinders  connected  by  cross  tubes 
at  c  Cy  in  each  of  which  a  vacaum  is  alternately  formed  by 
the  condensation  of  elastic  vapour,  connected  from  the 
boiler  by  the  bent  tube  d^  and  admitted  to  the  steam  cy- 
linders by  means  of  the  sliding  valve,  e.    ///  two  tubes 
perforated  with  small  holes  for  the  admission  of  steam  and 
injection  water,  the  latter  of  which  is  distributed  by  falling 
on  the  strap,  g.    A,  the  suction  pipe,  proceeding  to  the 
bottom  of  the  well,  which  in  no  case  ought  to  exceed  from 
twenty-eight  to  thirty  feet  in  depth;  so  that  a  vacuum 
being  formed  ih  the  copper  vessels,  b  6,  the  water  will  be 
raised  by  the  pressure  of  the  atmosphere,  and  passing  up 
the  tube  A,  frill  tftk^  the  place  of  the  elastic  vapour,    i  t, 
two  valves  placed  at  the  upper  end  of  the  suction  pipe,  A, 
which  allow  of  the  upper  ffii^age  of  the  water  from  the 
well,  but  prevent  its  return.    J j,  two  similar  valves,  open- 
ing into  the  air  vessel,  A,  to  which  is  attached  the  nozzle  /, 
serving  to  convey  the  water  from  the  copper  vessels  to 
any  required  point,     m,  the  injection  tube,  furnished  with 
a  valve,  and  intdhded  to  cbiivey  water  from  the  box,  91,  to 
the  taper  tubes^//.    p,  stop  bock  to  regulate  the  snpply 
of  condensing  ilater.     There  is  a  tube!  passing  from  the 
bottom  of  the  cistern,  n,  to  the  inj^ctiodl  tube,  m,  and  fur- 
nished with  a  stdp-cock  at  s.    To  put  this  engine  in  action, 
the  steam  must  be  first  raised  to  the  boiling  point,  and  the 
valve  or  cock  dpened,  wHith  admits  it  to  pass  from  the 
boiler  to  the  pipe  d.     One  of  the  buckets  must  now  be 
made  to  descend,  which  will  open  the  sliding  valve,  e,  and 
admit  the  stean^  into  the  i^ylihder,  b  1.     The  atmospheric 
air,  which  will  dius  be  exj^Ued  from  ihe  cylinder,  is  al- 
lowed to  pass  through  the  valve  jV^^  nozzle  /•     The 
gther  bucket  must  then  be  depressed,  and  by  its  action 
upon  the  sliding  valve  it  will  open  a  communication  for 
the  injection  water  through  the  oi^pe,  q  9,  which  passing 
down  the  perforated  lube,  y,  witt  immediately  condense 
the  steam,  and  form  a  vacuum  i^  the  vessel.     The  whole 
pressure  of  the  atmosphere  being  now  removed  from  the 
suction  pipe,  A,  the 'water  will  rush  up  to  restore  the  equili« 
brium,  and  the  vessel,  6,  being  filled,  will  furnish  a  supply 
at  the  bent  tule,  /. 
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*^  HsLring  examined  the  action  on  one  kalf  of  the  appa- 
ratus, we,  may  suppose  the  same  effect  to  be  predficed  or 
the  opposiie  aide.  The  steam  will,  in  the  first  instance, 
be  admitted  hy  the  pipe  c,  and  a  communication  after- 
wards opened  i^  means  of  the  dtding  valve  with  the  con- 
densing watec,  which  by  reducing  the  steam  to  its  original 
boUc,  will  &rm  a  vftouum,  and4he  water  will  again  ascend 
as  in  the  first  vesseL  The  s^op-cock,  y,  must  now  be 
opened,  and  the  buckets,  (first  described)  made  to  descend, 
which  will  remove  thesiid&ig  valve,  e,  to  its  original  po- 
sition, and  admit  the  steam  to  the  upperpart  of  the  first 
vessel,  which  will  depress  the  water  andtause  it  to  flow 
through  the  valve  j,  and  nozsle  /,  while  at  the  same  time 
the  water  will  pass  through  the  tube  ii  u,  in  which  the 
valve  Wj  is  inserted,  beneath  the  inverted  vessel^  v.  The 
water  will  continue  t<^  enter  the  bucket,  jr,  till  its  increas- 
ing weight  causeftit  to  preponderate^  and  turn  the  sliding 
valve,  e,  in  the  opposite  direction.  Should  there  not  be  a 
sufficient  supply  »of  water  in  the  cistern,  rr,  for  the  pur- 
pose of  condensing  the  steam  in  the  larger  vessels,  the 
stop-cock,  p,  fuust  be  opened,  and  an  additional  supply  of 
water  will  then  be  furnished  from  the  chambers^  nn,  by 
the  tube  m ;  and  in  the  event  of  the  bucket  not  being  de- 
pressed at  the  instant- that  the  water  is  expelled  'frokn  the 
chamber,  fi,  of  the  vessel  6,  the  steam'wUI  pass  through 
the  tube,  u  M,  and  act  between  the  under  side  of  the  fixed 
invert€Kl  vessel,  t;,  and  the  surface  of  the  water  tn  the  move- 
able bucket,  Xy  the  descent  of  the  bucket  being  accele- 
rated by  the  repellent  force  of  the  steam,'  6o  that  by  the 
alternate  action  of  the  buckets,  «s,  the  motion  of  the  en- 
gine is  rendered  continuous. 

^^  It  appears  that  each  steam  vessel  in  the  engine  em- 
ployed at  the  City  Gas  Works,  contains  about  86  gallons 
of  water,  which  is  raised  by  each  about  28  feet,  three  times 
every  two  minutes;  one  bushel  of  coals,  or  two  of  coke, 
serving  the  boiler  about  two  hours  and  three  quarters.'** 

In  1821,  a  patent  was  obtained  by  Mr.  Job  Rider,  of 
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Belfast,  in  Ireland,  for  a  rotary  engine,  which  has  been 
the  subject  of  great  encomium  in  several  periodicals  of  the 
day,  some  of  which  have  not  hesitated  to  declare,  that  in 
it  was  to  be  found  the  solution  of  the  grand  problem 
hitherto  sought  after  in  vain.  But  although  we  have  been 
favoured  with  some  very  diffuse  remarks  by  these  works,  all 
of  them  have  omitted  to  notice  the  fact  of  its  being  nearly 
a  iac-simile  of  a  machine  patented  by  Messrs.  Bramah  and 
Dickenson,  thirty-one  years  previously  to  this  date.  We  do 
not  mean  to  declare  that  Mr.  Rider  is  not  the  inventor  of 
this  machine,  because  although  a  minute  description  and 
engraving  of  it  are  given  in  one  of  the  early  volumes  of  the 
Repertory  of  the  Arts,  yet  we  well  know  that  this  work  is 
too  scarce  to  be  fpund  in  the  hands  of  every  inventive  me* 
chanic ;  besides  which,  it  is  highly  improbable  that  Mr 
Rider  would  have  incurred  the  expense  of  a  patent  or 
patents  for  a  machine  which  was  notoriously  the  subject 
of  a  previous  one.  It  is,  however,  to  be  regretted  that 
Mr.  Rider  was  not  better  informed  on  the  subject, 
because  the  two  plans  resemble  each  other  so  closely,  that 
one  might  almost  fancy  they  had  been  drawn  from  the 
same  model.  We  refer  our  readers,  for  a  full  explana* 
tion  of  the  principle,  to  page  107,  of  this  work,  and  have 
merely  to  add,  that  a  respectable  manufactory  in  Scotland 
expended  a  very  considerable  sum  in  constructing  and  ap- 
plying one  of  these  engines  during  the  year  1825,  but 
have  abandoned  it,  from  the  impossibility  of  keeping  it 
even  tolerably  steam-tight. 

Mr.  Thomas  Masterman's  rotatory  engine,  patented  in 
1821,  which  is  the  same  species  of  engine  as  Mr.  Qnions's^ 
already  described,  comes  next  under  our  notice. 

Fig.  1.  represents  a  vertical  and  central  section  of  the 
troke  (being  that  part  of  the  engine  which  revolves). 
Fig.  2.  is  a  transverse  section  of  it,  and  of  the  two  masks 
after-mentioned.  The  troke  is  composed  of  the  axis,  of 
the  nucleus  (being  the  central  parts,  and  through  which 
the  axis  passes),  of  the  annulus  (being  a  hollow  ring,  in 
which  are  placed  valves),  and  of  the  radii  (being  the  steam 
passages  between  the  nucleus  and  the  annulus).   The  sur« 
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fiice  of  the  face  is  a  perfect  plane.  The  axis  passes  through 
the  hole  (1)  at  ri^ht  angles  with  the  plane  of  the  face. 
Six  holes  (2)  of  similar  iSgure  and  dimensions  with  each 
other,  are  sunk  in  the  face,  at  equal  distances,  in  a  direc- 
tion parallel  to  the  axis,  for  three  or  four  inches ;  then 
carving  into  a  direction  at  right  angles  with  the  axis,  they 
open  in  the  periphery  of  the  nucleus. 

The  annulus  (A) 'consists  of  six  equal  segments.  At 
each  of  their  joints  is  fixed  a  valve,  which,  by  being  ground 
on  its  seat,  is  rendered  steam-tight  when  closed. 

The  radii  (1,  2,  S,  4, 5,6,)  are  connected  with  the  nucleus 
and  annulus,  so  as  to  form  steam-tight  communications  be- 
tween each  hole  in  the  face  and  the  inside  of  the  annulus. 
Fig.  3  is  a  plan  of  the  inner  mask  ;  being  a  circular  plate 
of  metal,  of  equal  diameter  with  the  face,  about  two  inches 
thick,  and  having  each  side  perfect  planes  parallel  to  each 
other. 

There  are  four  holes  (1, 2, 3,4,)  through  it :  1  is  of  suf- 
ficient size  to  admit  the  axis  ;  2, 3,  4,  are  each  one  sixth  of 
the  space  that  would  be  included  by  completing  the  two 
concentric  circles,  segments  of  which  form  the  sides  of 
those  holes  ;  and  those  circles  are  described  with  the  same 
radii  as  the  segments  of  those  which  bound  the  holes  in 
the  face.  Thus,  each  of  these  holes  would  extend  over 
one  of  the  holes  in  the  face,  and  one  of  the  adjoining 
spaces  :  the  space  between  2  and  3  is  of  such  dimensions  as 
just  to  cover  completely  one  of  the  holes  in  the  face.  4  is 
situated  so  as  to  leave  equal  spaces  between  it  and  2  and  3. 

The  periphery  of  this  mask  is  clasped  by  an  iron  hoop, 
from  which  projects  a  lever,  extending  nearly  to  the  an- 
nulus, and  having  a  small  inclined  bar  placed  across  its 
end.  The  two  projections  from  fig.  4.  represent  the  begin- 
ning of  the  lever. 

The  outer  mask  is  a  circular  piece  of  metal,  of  the  same 
diameter,  and  about  the  same  thickness  as  the  inner  mask. 

The  axis  passes  through  both  masks ;  the  inner  mask  is 
placed  next  the  face,  the  other  next  the  inner  mask,  and 
both  are  kept  closely  pressed  towards  the  face  (by  means  of 
Kcrews  acting  on  the  back  of  the  outer  mask),  so  as  to  be 
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steam-tight  with  each  other  and  with  the  face  :  a  trifling 
pressure  suffices  to  make  them  so,  the  opposed  surfaces 
haring  been  ground  on  each  other.  The  outer  mask  is 
placed  in  such  a  position  with  respect  to  fig.  1,  as  that  the 
pipe,  2,  may  be  horizontal,  and  point  towards  radius,  fig.  2, 
and  it  always  remains  stationary.  The  inner  mask  is  placed 
in  such  a  position  with  respect  to  the  outer  mask,  as  that 
the  holes  2,3,  4,  in  the  former  may  communicate  with  pipes 
corresponding  in  the  latter,  and  thus  form  a  communica* 
tion  between  the  pipes  communicating  with  the  boiler  and 
the  air.  Thus  the  holes  in  the  inner  mask  are  for  the  same 
relative  purpose  as  the  pipes  in  the  outer  mask. 

The  transverse  sections  of  both  masks,  placed  in  their 
relative  positions,  are  represented  in  fig.  2. 

The  corresponding  letters  in  fig.  1  and  2,  refer  to  the  cor* 
responding  parts  in  each  :    p  p  are  the  axis,  g  g  are  its 


As  the  valves,  and  the  gear  for  regulating  them,  are 
precisely  the  same  in  each  segment  of  the  annul  us,  only 
two  of  them  (one  showing  their  position  closed,  the  other 
open)  are  lettered  for  reference. 

Each  valve  (fj  is  similar  to  the  other,  and  opens  in  the 
same  direction ;  its  gudgeons,  moving  freely  in  sockets, 
fixed  to  the  sides  of  the  annulus  nearest  the  axis. 

Their  working-gear  is  as  follows  :  a  is  a  small  hollow 
protuberance  or  bonnet  screwed  on  the  annulus,  and  com- 
Bunicating  with  the  inside  of  it ;  on  one  of  its  inner  sides 
is  a  socket,  on  the  opposite  a  stuffing-box  ;  one  end  of  a 
spindle  works  in  the  socket,  the  other  passes  through  the 
stuffing-box  to  the  outside  of  the  bonnet ;  to  this  end  is 
attached  the  lever  b  and  to  the  centre  is  attached  the  lever 
c;  both  levers  being  at  right  angles  with  the  spindle,  and 
in  the  opposite  direction  to  each  other.  To  the  extremity 
of  c  is  attached  (by  a  moveable  joint)  the  rod  d,  and  to  the 
extremity  h  is  fixed  the  weight  €,  being  more  than  suffi- 
cient to  counterpoise/,  which  is  connected  with  it  by 
means  of  a  moveable  joint  at  the  other  end  of  d,  and  at- 
tached to  the  centre  of/.  The  levers  are  so  placed  as  to 
tXkM^efXo  be  half  open  when  they  point  to  the  axis.   Thuu 
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it  is  evident  that,  during  the  revolutions  of  the  troke,  two 
of  the  valves  (/)  on  its  ascending  side  (denoted  by  the 
arrow)  will,  by  the  mere  preponderance  of  e,  be  shut,  and 
the  whole  of  the  others  will  be  open,  as  represented  in 
fig.l. 

For  more  easily  comprehending  the  action  of  these  valves, 
let  it  be  considered  that  their  movements  are  regulated  by 
the  mere  gravity  of  the  weight  e. 

The  machinery  to  which  motion  is  to  be  imparted  is 
attached  to  that  end  of  the  axis  next  fig.  L 

The  steam  is  generated  and  condensed  in  the  usual 
manner. 

The  principle  on  which  the  engine  acts,  is  by  a  liquid 
body  (water  or  mercury,  for  instance)  placed  in  the  annu* 
lus,  being  pressed  on  one  side  of  the  troke  by  the  steam, 
until  that  side  gains  such  a  preponderance  over  the  other, 
as  to  overcome  the  resistance  of  the  machinery  attached 
to  the  axis,  and  by  being  then  sustained  there,  to  main- 
tain the  preponderance  during  the  revolution  of  the  troke. 

The  engine  represented  by  the  engraving  is  one  in  which 
water  is  the  liquid  made  use  of  in  the  annulus.  The  man- 
ner in  which  it  is  worked  is  as  follows  :— 

The  annulus  is  nearly  half  filled  with  water,  which  need 
never  be  withdrawn.  The  troke  is  placed  so  as  to  have 
two  of  its  radii  in  a  vertical  position.  The  steam«cock 
is  turned  ;  consequently  the  steam  rushes  through  the  pipe 
and  hole  (2)  in  the  outer  and  inner  masks,  and  through  the 
lowest  hole  in  the  face  into  the  lowest  radius  ;  and,  after 
imparting  to  the  surface  of  the  water  in  that  radius  its  own 
temperature,  it  presses  such  water  downwards,  and  flows 
into  the  annulus,  condensing  in  the  water  therein,  until  it 
has  imparted  to  it,  also,  its  own  temperature,  which  will 
be  rapidly  accomplished.  On  the  temperatures  becoming 
alike,  the  steam  will  rise  through  the  water  on  both  sides 
of  the  troke,  and,  meeting  with  a  closed  valve  on  one  side, 
will  press  the  water  which  is  beneath  it  downwards,  and 
consequently  cause  the  water  on  the  other  side  to  rise 
proportionably,  until  th'(  preponderance  thus  given  to 
that  side,  be  sufficient  to  overcome  the  resistance  of  the 
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machinery  attacaed  to  the  axis,  whereupon  the  troke  will 
immediately  begin  to  revolve.  The  load,  or  resistance 
of  the  machinery,  remaining  the  same,  and  the  supply  of 
steam  being  equable,  the  water  will  remain  nearly  sta* 
tionary  during  the  revolutions  of  the  troke :  its  surfaces 
are  denoted  by  the  lines  at  n  and  o. 

As  the  troke  revolves,  each  of  the  holes  in  the  face  com- 
municates in  succession  with  2,  in  the  inner  mask. 

It  should  be  borne  in  mind,  that,  as  has  before  been  ob- 
served, the  position  of  the  inner  mask  is  never  so  far 
changed  as  to  prevent  2  and  3  therein  communicating  with 
the  corresponding  pipes  in  the  outer  mask,  when  the  en* 
gine  is  at  work. 

By  the  construction,  one  entire  hole  in  the  face,  or  parts 
of  two,  equal  to  one,  is,  or  are  always  in  communication 
with  2  in  the  inner  and  outer  masks  ;  so  that  there  is  al« 
ways  an  equable  flow  of  steam  into  the  annulus,  prevent- 
ing the  depressed  surface  of  the  water  rising  with  the  as- 
cending closed  valve. 

The  holes  in  the  face,  as  they  pass  in  succession  from  2 
to  3  in  the  inner  mask,  are  entirely  closed  by  the  space 
between  them;  and  immediately  on  communicating  with 
3,  the  steam  confined  between  the  two  closed  valves  rushes 
from  the  annulus,  through  3,  into  the  air,  or  into  the  con- 
denset,  if  one  be  used.  And  until  the  same  hole  in  the 
face  has  passed  3,  a  communication  with  the  air,  or  the 
condenser,  remains  for  the  discharge  of  the  steam. 

The  pressure  of  the  steam  being  thus  removed  from  each 
valve,  (/)  as  it  arrives  at  this  point,  it  will,  by  the  gravity 
of  e,  open  as  it  begins  to  descend,  (see  the  valve  partly 
open  in  fig.  1)  and  thus  allow  the  column  of  water  to  re- 
main on  that  side  of  the  troke* 

The  water  will  fill  the  radii  as  their  ends  descend 
beneath  the  elevated  surface,  o,  and  will  remain  there 
until  the  steam  presses  it  out  at  about  n,  but  cannot  escape, 
if  before  it  enters  them  the  hole  in  the  face  has  pressed 
the  hole  3 ;  otherwise,  however,  the  water  would  escape 
through  that  hole  into  the  air,  or  condenser. 

A  uniform  rotatory  motion  is  thus  produced  and  main- 
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tained  as  long  as  the  steam  flows  equably  into  the  annulus^ 
acting  with  a  force  proportionable  to  the  preponderance 
of  the  water  on  one  side  of  the  troke  over  the  other.  This 
force  is  easily  estimated,  being  equal  to  the  weight  of  a 
perpendicular  column  of  water,  having  the  difference  of 
the  two  levels  for  its  altitude,  and  the  area  of  a  transverse 
section  of  the  annulus  for  its  base,  pressing  against  the 
closed  valve. 

This  description  of  Mr.  Masterman*s  engine  is  copied 
from  a  pamphlet  published  by  Me&srs.  Underwood  in 
1822,  which  gives  a  very  clear  description  of  the  whole 
machine,  together  with  a  detail  of  the  comparative  advan- 
tages the  writer  imagined  this  machine  to  possess  over  the 
reciprocating  one.  As  it  will  serve  our  purpose  best,  in 
treating  on  this  machine,  to  follow  the  author  through 
some  of  his  remarks,  we  will  step  out  of  our  usual  course 
in  the  present  instance. 

The  difficulties  which  are  stated  to  have  been  obviated 
or  lessened  by  the  invention  of  this  engine  are,  ^^  1st,  the 
skill  and  nicety  of  workmanship  required  in  construction 
and  erection ;  2d,  the  cost  of  construction  and  erection  ; 
3d,  the  space  they  occupy ;  4th,  the  expense  oC  working 
and  keeping  them  in  repair ;  Sth,  the  power  lost  by  fric- 
tion, by  alternate  movement,  and  by  the  oblique  direction 
in  which  the  power  is  exerted  through  the  medium  of  the 
crank  rod ;  6th,  the  great  pressure  of  steam  required  to 
work  with  any  economy  without  a  condenser ;  and  7tb, 
the  trouble  of  putting  them  in  motion  when  they  stop 
with  the  crank  in  a  vertical  direction,  and  the  care  re- 
quired to  prevent  the  fly  wheel  taking  a  reversed  motion.'' 

Before  going  into  Mr.  Masterman's  remarks  as  to  how 
fkr  these  faults  are  obviated,  it  may  be  worth  while,  in  the 
first  place,  to  see  whether  all  of  them  exist.  On  this  it 
may  be  said,  that  the  first,  second,  third,  and  fourth,  are 
evils  which  have  justly  occupied  the  consideration  of 
nearly  all  mechanics  since  the  general  adoption  of  the 
steam  engine,  and  are  in  reality  evils  of  such  a  nature  as 
to  be  evident  to  every  one. 

But  in  the  fifth  enumerated  evil  the  author  has  fallen 
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into  a  very  great  though  a  very  common  error,  in  conceiv- 
ing that  power  is  lost  by  the  oblique  position  in  which  the 
crank  receives  the  force  of  the  steam.  We  have  had  occa- 
idon  more  than  once  to  lament  that  the  erroneous  idea 
ormed  on  this  subject,  has  led  many  able  mechanics  into 
reat  expense.  Perhaps  it  is  not  incorrect  to  say,  that 
ne  half  of  the  rotative  engines  which  have  been  attempted, 
would  never  have  been  undertaken,  had  the  different 
patentees  been  fully  aware  that  no  saving  is  effected  by 
increasing  the  length  of  the  lever  upon  which  the  steam 
exerts  its  force.  These  engines  have  generally  been  en- 
cumbered with  an  interior  cylinder,  or  drum  of  such  a 
diameter,  as  to  cause  a  considerable  friction,  the  purpose 
of  such  drum  being  to  prevent  the  steam  from  acting  near 
the  centre  of  motion,  where  it  was  conceived  it  would  be  in« 
effective.  Had  this  supposition  been  true,  Mr.  Master* 
maa^s  engine  would  have  had  ten  times  the  ellect  of  any 
other  :  for  the  diameter  of  the  experimental  engine  being 
30  feet,  the  lever  would  be  ten  times  more  than  the  average 
length  of  a  crank  of  a  reciprocating  engine  of  the  same 
power. 

The  sixth  disadvantage  stated^  as  attendant  on  a  reci- 
procating engine,  is  the  great  pressure  of  steam  necessary 
to  work  it  without  a  condenser.  This  is  undoubtedly  a 
difficulty  which  is  of  no  small  moment,  and  Mr.  Master- 
man's  engine  (if  it  had  succeeded  in  other  respects,)  would 
kave  bidden  fair  to  have  completely  obviated  it.  The  force 
of  steam  necessary  to  give  motion  to  an  annulus  of  a  large 
diameter  being  as  much  less  than  that  excited  on  a  cranky 
as  the  length  of  the  crank  is  less  than  the  semi-diameter  of 
the  annulus.  Hence  a  pressure  of  7  or  8  pounds  per  square 
inch  would  have  produced  the  same  effect  in  this  engine  as 
70  or  80  pounds  per  square  inch  would  have  produced, 
when  exerted  on  a  crank  of  18  inches  in  length. 

The  seventh  disadvantage  stated — ^Hs  the  trouble  of 

patting  a  steam  engine  in  motion,  when  it  stops  with  the 

crank  in  a  vertical  position ;  and  the  care  necessary  to 

prevent  the  fly  wheel  taking  a  reversed  motion."  There  is 

o  douht  that  it  is  a  very  great  inconvenience,  when  the 
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engine  stops  with  the  crank  in  a  vertical  position,  particu- 
larly in  large  engines ;  and  we  have  frequently  seen  it 
necessary  in  such  cases  to  call  in  the  aid  of  several  work- 
men, and  lose  a  considerable  portion  of  time  before  the 
engine  could  be  put  in  motion,  and  that  not  unfrequently 
when  considerable  mischief  has  been  occasioned  by  such  a 
delay.  But  there  are  very  few  cases  in  which  it  is  not 
expedient  and  absolutely  necessary  to  have  the  power  ot 
reversing  the  motion  of  the  engine.  Mr.  Masterman,  there- 
fore,  assumes  that  to  be  an  advantage  which  in  reality  is 
an  insuperable  objection  to  the  general  adoption  of  any 
machine  not  possessing  the  power  of  revolving  either  for- 
wards or  backwards.  In  steam  boats  particularly  (where 
Mr.  Masterman  is  sanguine  enough  to  imagine  his  mercury 
engine  could  be  applied  with  advantage)  the  capability  of 
easily  reversing  the  motion  is  a  point  of  first  consideration, 
and  without  such  power,  no  one  could  guarantee  their 
performing  a  voyage  with  safety. 

Having  shown  that  many  of  the  objections  here  stated  do 
not  exist,  we  shall  proceed  to  inquire,  how  far  those  which 
do,  are  obviated  by  this  machine;  and  we  shall  first  state 
that  we  have  had  frequent  opportunities  of  inspecting  the 
engine,  which  was  erected  by  Mr.  Masterman  at  Fawdon 
colliery,  near  Newcastle ;  the  troke  of  which  was  28  feet 
in  diameter,  and  which  ought  to  have  been,  according  to 
bis  calculation,  of  12  or  13  horses  power.  We  are  enabled 
therefore  to  speak  from  our  own  observation  ;  in  addition 
to  which,  we  have  been  favoured  with  particular  informa* 
tion  on  the  subject,  by  the  managing  engineer  of  Fawdon 
colliery. 

It  appears  that  the  ^^  skill  and  nicety  of  workmanship** 
are  by  no  means  lessened  in  this  machine,  but  on  the  con- 
trary, the  cost  of  it  must  greatly  exceed  that  of  the  reci- 
procating engine.  It  is  stated  that  ^^  the  only  parts  re- 
quiring any  nicety  are  the  valves,  valve-seats,  face,  and 
masks,  which  must  work  steam-tight.*'  Were  these  all,  it 
will  be  readily  conceived  that  the  care  required  in  fittinfp 
them  up,  must  greatly  exceed  that  of  a  reciprocating  en* 
gine ;  there  being  no  less  than  28  surfaces  of  brass  and 
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metal  to  be  made  perfectly  smooth  and  steam-tight  by  the 
usual  processes  of  filing,  turning,  and  grinding ;  whereas 
in  the  common  engine  there  are  but  two,  requiring'such 
nicety.  It  follows,  therefore,  that  the  cost  as  well  as  the 
skill  required  in  the  construction,  must  exceed  that  of  the 
latter. 

In  remarking  on  the  comparative  friction  of  the  two 
kinds  of  engines,  it  is  observed,  that  ^^  as  the  valves  are  re*- 
gulated  by  the  gravity  of  the  weight,  there  is  no  friction 
in  the  pins."  This  is  an  error,  since  it  is  evident  that 
these  weights^  by  the  falling  of  which  the  valves  are 
worked,  must  be  raised  by  the  power  of  the  machine,  to 
the  elevation  from  which  they  fall :  as  much  force,  there- 
fore,  must  be  exerted  to  elevate  them,  as  would  have  been 
necessary  to  have  moved  the  valves  by  the  more  direct 
action  of  the  machine. 

But  these  defects  are  of  little  importance,  and  scarcely 
deserve  the  notice  we  have  given  them.  We  shall  now  shew 
what  appears  to  have  been  the  cause  of  failure.  This 
seems  chiefly  to  have  been  the  great  condensation,  arising 
from  the  exposure  of  the  steam  in  the  annulus.  The  steam 
occupying  one  half  of  the  circle  becomes  dispersed,  as  it 
were,  in  a  long  bended  pipe,  which  is  subjected  to  the  dis- 
advantage of  passing  through  the  air,  by  which  the  con- 
densation must  be  increased.  Another  cause  of  condensa- 
tion is  the  difference  in  temperature  between  the  depressed 
and  the  elevated  surfaces  of  the  water.  The  lower 
surface  being  continually  in  contact  with  the  steam,  is 
nearly  of  the  same  heat,  whilst  the  upper  surface  is  con- 
siderably colder.  Now  the  different  segments  of  the  troke 
successively  lose  a  portion  of  their  caloric,  as  they  pass 
over  the  cooler  portion  of  the  liquid;  and  in  this  cooled 
state  become  the  recipients  of  the  steam ;  and  although 
there  is  a  tendency  in  the  machine  to  bring  all  parts  of  the 
water  to  an  equal  temperature,  it  was  found  preferable  to 
prevent  such  a  consequence,  by  a  supply  of  cold  water,  aa 
the  elevated  surface,  when  so  heated,  expanded  into  steam, 
and  escaped  through  the  discharging  pipe. 

Another  and  secondary  cause  of  waste  takes  place,  when 
11.  2i 
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there  is  the  least  variation  in  the  resistance  of  the  loads 
when  that  is  uniform,  the  steam  exerts  merely  the  force 
necessary  to  overcome  it;  but  upon  the  resistance  bdng 
increased,  the  steam  then  forcing  upon  the  yielding  surface 
of  the  water,  without  immediately  producing  the  required 
speed,  drives  a  considerable  quantity  of  it  over  the  upper 
part  of  the  annulus,  into  the  empty  side  of  the  wheel;  and 
by  occupying  its  place,  rises  by  its  inferior  gravity  upwards 
through  the  water,  and  escapes  through  the  discharging 
pipe  without  producing  any  effect*  When  this  takes  plaoe^ 
it  is  some  time  before  the  water  returns  to  its  proper  situa* 
tion,  or  becomes  a  sufficiently  steady  abutment  to  produce 
the  required  powers. 

The  consequence  of  these  defects  was  extremely  ap* 
parent  in  the  engine  alluded  to ;  the  escape  of  calorie 
being  such  that  few  persons  could  endure  the  heat  of  the 
engine-house  when  the  engine  was  working.  The  waste 
by  condensation  was  so  great,  that  it  required  a  boiler  of 
sufficient  capacity  to  have  worked  a  reciprocating  engine 
of  36  horses  power,  merely  to  drive  a  small  circular  saw^ 
which  could  have  been  easily  driven  by  an  .engine  of  2  or  3 
horses  power.  The  varied  resistance  produced  by  sawing 
wood,  rendered  the  last-named  defect  very  apparent;  and^ 
indeed,  considering  the  degree  in  which  its  effect  was 
weakened  by  the  irregularity  of  its  load,  perhaps  a  saw 
was  the  most  ill-judged  application  of  its  force. 

We  have  been  thus  particular  in  our  investigation  ot' 
this  ingenious  machine,  because  several  scientific  friends 
were  disappointed  by  its  failure,  and  because  both  Par- 
tington and  the  author  of  Stuart's  History  have  anticipa* 
ted,  that  ^^  if  ever  rotatory  engines  should  be  brought  into 
successful  competition  with  the  common  steam  engine,  it 
appeared  probable  that  they  might  be  constructed  on  this 
principle."  We  perfectly  agree  with  the  latter  writer, 
however,  in  the  opinion,  that  much  credit  is  due  to  Mr. 
Masterman  for  his  very  clear  and  interesting  account  ot 
bis  machine,  and  the  candid  appeal  which  he  makes  to 
experiment.  We  trust,  in  examining  the  pages  of  bis  little 
pamphlet,  that  we  hf  re  been  divested  of  every  prejudice^ 
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md  that  our  apfNireotly  severe  eEamination  will  be  attri* 
bated  to  the  proper  motive*  It  is  sincerely  to  be  wished 
that  more  would  follow  his  example,  and  fairly  submit 
their  inventions  to  the  public^  divested,  like  his,  of  all 
mystery  and  quackery ;  the  advantages  which  would  arise 
from  this  liberal  proceeding  would  be  incalculable. 


It  has  been  shown  in  an  early  part  of  this  work,  that  a 
high-pressure  engine  consumes  less  fuel  than  a  condensing 
engine  of  the  same  power,  and  that  the  force  of  the  steam 
per  square  inch  increases  in  a  much  greater  ratio  than  the 
temperature  communicated  to  the  water.  This  fact  fully 
establishes  the  superior  economy  of  a  high-pressure  engine, 
and  it  also  proves,  that  the  more  the  pressure  is  increased, 
still  less  fuel  proportionably  will  be  required.  Though 
this  curious  phenomenon  is  universally  known,  yet  few 
attempts  had  been  made  in  England  to  use  steam  of  a 
pressure  exceeding  50,  or  at  most  100  pounds  on  the  square 
inch,  until  the  recent  experiments  of  Mr.  Perkins.  This 
delay  among  our  engineers  to  adopt  what  would  seem  to 
promise  such  great  advantages,  must  be  attributed  to  a 
caution  which  has  been  well  grounded.  The  great  danger 
of  explosion  must  have  been  quite  sufficient  to  have  de- 
terred them  from  the  trial ;  and  until  that  could  be  effec- 
tually guarded  against,  it  would  have  been  madness  to 
increase  the  pressure  of  steam  beyond  its  present  limits. 
It  is,  indeed,  no  uncommon  circumstance  to  find  boilers  in 
America  loaded  to  double  and  sometimes  treble  the  pres- 
sure of  the  greatest  force  we  have  now  named;  but  still, 
with  boilers  of  the  usual  construction,  the  danger  must  be 
very  great,  and  the  liability  to  accident  such,  as  to  more 
than  counterbalance  all  the  advantages  that  can  be  ob- 
tained. 

Mr.  Jacob  Perkins,  however,  conceived  that  all  this 
laving  could  be  effected,  and  that  danger  could  be  re- 
moved, by  reducing  the  size  of  the  boiler.  We  shall  give 
Mr.  Perkins's  own  remarks  on  the  subject: — 

<<  It  is  a  well-known  fact  that  water  does  not  boil  under 


244  Perkins's  engine. 

atmospheric  pressure  until  it  has  been  heated  to  212",  alter 
which  all  the  heat  that  can  be  applied  cannot  increase  the 
temperature  of  the  steam  or  water.  Now,  add  an  arti* 
ficial  atmosphere  by  loading  the  escape  vaWe  (the  surface 
pf  which  is  equal  to  a  square  inch)  with  14  lbs.  and  it  will 
eceive  350**  of  heat,  with  a  very  little  addition  of  faely  and 
the  pressure  on  the  square  inch  will  be  doubled,  or  28lbs. ; 
the  mechanical  action  will  not  be  double,  yet  it  will  be 
increased  much  more  than  the  consumption  of  fuel.  Let 
the  valve  be  loaded  with  two  additional  atmospheres,  or 
42  lbs.,  and  the  temperature  will  be  raised  to  28(1®,  and  will 
again  produce  double  pressure,  or  50  lbs.  on  the  inch,  and 
so  on.  If  the  generator  be  made  strong  enough,  as  I  have 
no  doubt  it  may  be,  to  withstand  60,000  lbs.  load  on  the 
escape  valve,  the  water  would  not  boil,  although  it  would 
exert  an  expansive  force  equal  to  56,000  lbs.  on  the  inch, 
and  be  at  about  1170^  of  heat,  or  cherry  red.  Water  thus 
heated  would,  if  it  were  allowed,  expand  itself  into  atmo- 
spheric steam,  without  receiving  any  additional  heat  from 
what  surrounded  it.  It  is  not,  however,  necessary  to  heat 
the  water  to  more  than  500^,  to  have  it  flash  into  steam,  if 
the  generator  be  properly  constructed." 

a  a  is  the  generator,  kept  constantly  filled  with  water 
up  to  the  valve ;  6  6  is  the  furnace  surrounding  the  gene- 
rator, by  which  the  water  it  contains  is  intensely  heated,' 
but  is  prevented  from  escaping,  notwithstanding  its  great 
ejitpansive  force,  by  the  enormous  pressure  upon  the  valve 
by  the  variable  weight  d;  or  until  the  pump  o  has  forced 
a  given  quantity  of  water  into  the  lower  part  of  the  gene- 
rator, which  raises  the  valve,  and  causes  a  like  quantity 
of  the  heated  water  to  escape  into  the  pipe  c  c,  where 
flashing  instantaneously  into  steam,  it  rushes  into  the  cy- 
linder 9,  and  drives  the  piston /to  the  farthest  end  of  it; 
this  action  causes  a  communication  to  be  opened  into  the 
pipe  k  into  which  the  steam  passes;  the  pipe  it  it  passes 
through  the  condenser  /  /,  delivering  out  its  heat  to  the 
cold  water  contained  therein ;  from  thence,  after  descend- 
ing, it  takes  an  horizontal  course,  and  enters  the  reservoir 
m,  from  whence  it  is  re-pumped  for  use  by  the  apparatus  o  o. 
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(Jacob  Perkins's  Engine.    1822.) 

The  arm  k  is  attached  at  one  end  to  the  piston  /,  and  is 
consequently  moved  by  it  in  a  horizontal  line  the  lens^th 
of  the  cylinder  g,  and  the  other  end  of  the  arm  being  con- 
nected with  the  fly  wheel  i,  causes  it  to  revolve;  the  fly 
thus  put  into  action  gives  motion  to  the  rotatory  valve  e, 
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which  opens  and  shuts  alternately  a  communication  on 
both  sides  of  the  piston.  An  iron  rod  and  chain  q  being 
fixed  to  the  arm  ft,  and  at  the  other  end  to  the  loaded 
lever  py  the  pump  Oy  is  worked  by  the  action  of  the  arm, 
causing  at  every  revolution  of  the  fly  a  fresh  quantity  of 
water  to  be  forced  into  the  bottom  of  the  generator,  which 
again  raises  its  loaded  valve,  and  allows  the  escape  of  an 
equal  quantity  of  water  into  the  pipe  cc,  where  flashing 
into  steam,  and  rushing  into  the  cylinder,  it  operates  upon 
the  piston  again,  and  keeps  up  the  alternating  and  rotatory 
motion  of  the  several  parts  before  mentioned. 

The  condenser  /^  is  a  tube  of  copper  about  4  inches  in 
diameter,  and  20  feet  long,  and  is  supplied  constantly  with 
cold  water  from  the  pump,  through  the  pipe  n  n.  This 
enters  the  condenser  at  the  lower  end,  and  is  discharged 
at  the  upper  end  into  the  descending  tube  r  r,  which  pro- 
ceeding to  the  lower  part  of  the  apparatus,  ascends  in  a 
spiral  winding  of  many  coils  round  the  bottom  of  the  fur- 
nace up  to  the  valve  «,  loaded  by  a  variable  weight  ii, 
equal  to  700  lbs.  upon  the  square  inch  (or  about  50  atmo- 
spheres) ;  from  the  valve  6,  the  tube  descends  as  at  v  t;  v,  and 
proceeds  to  nearly  the  bottom  of  the  generator,  as  shown 
by  the  dotted  lines.  In  order  to  ensure  safety  to  the  ap- 
paratus, a  tube,  t  ty  is  fixed  to  the  generator,  and  proceeds 
to  the  dial  rr^  showing  the  degree  of  pressure,  or  the  num- 
ber of  atmospheres  at  which  the  machine  works.  Near  to 
the  middle  of  this  tube  is  fixed  a  safety  valve  of  copper,  x, 
which  is  torn  up  when  the  pressure  greatly  exceeds  the 
intended  force.  The  atmospheric  air  contained  in  the 
spaces  on  each  side  of  the  piston  escapes  by  tubes  at  zz^ 
furnished  with  stop-cocks.* 

This  was  one  of  Mr.  Perkinses  early  modifications,  and 
although  there  have  been  various  alteiations  since,  yet, 
as  those  have  been  nearly  all  in  the  engine,  which  of  course 
has  nothing  to  do  with  his  principle,  it  is  unnecessary  to 
give  them.  The  experiment,  as  far  as  it  regards  the  ge- 
neration of  steam  of  this  enormous  pressure,  has  been  quite 

*  Register  of  Arti  and  Sciences,  toI.  i.  p.  800. 
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;  but  the  ecomomy  of  eoginos  on  this  prioeiple  has 
not  been  so  fully  established.  It  appears  that  Mr.  Perkins's 
principal  difficulty  has  been,  not  the  generation  of  the 
steam,  but  its  application  to  the  machinery.  This  dificeltjr 
has  been  owing  to  the  high  temperature,  which  the  cylin- 
der  and  working  parts  acquire  when  in  operation,  wliich 
produces  seTcral  inconveniences ;  the  main  one  of  which  is, 
that  it  is  absolutely  impossible  to  lubricate  the  sides  of  the 
cylinder  or  valves  with  oil,  tallow,  or  any  such  material, 
although  it  is  well  known,  that  metallic  packing  cannot  be 
maintained,  even  in  a  condensing  engine,  tolerably  steam* 
tight,  without  some  such  application;  and  if  such  a  diffi* 
culty  occur  in  a  low-pressure  engine,  how  much  greater 
must  that  difficulty  be  in  an  engine,  working  at  the  great 
force  of  steam  at  which  this  is  worked,  especially  when  we 
consider  the  very  subtile  uature  of  such  steam,  and  the 
much  greater  proportion  that  the  openings,  through  which 
the  escape  is,  bears  to  the  surface  of  a  piston  on  this  prin- 
ciple, than  similar  openings  in  a  metallic  packing  bear  to 
the  surface  of  a  piston  of  a  condensing  engine.  The  reason 
why  it  is  impracticable  to  apply  oil,  is,  that  the  great  tem- 
perature of  the  cylinder  instantly  carbonizes  it,  or  causes  it 
to  pass  off  in  vapour,  and  in  that  form  to  escape  to  the 
atmosphere.  Another  inconvenience  is,  that  the  materials 
of  which  the  piston  and  valves  are  composed,  become  by 
wear  and  friction  (both  of  which  are  increased  by  the 
caoee  just  named)  speedily  destroyed. 

In  order  to  obviate  some  of  these  evils,  Mr.  Perkins  has 
just  taken  out  another  patent,  in  which  it  is  stated  that  be 
has  discovered  a  method  of  forming  a  metallic  piston,  of  a 
peculiar  alloy,  requiring  neither  oil,  tallow,  nor  any  la- 
bricating  material  wbaterer,  to  reduce  the  Mction ;  on  the 
contrary,  by  the  working  of  the  engine,  the  rubbing  sur^ 
fiices  of  the  piston  and  cylinder  become  so  highly  polished, 
as  to  reduce  the  friction  considerably  below  that  of  the 
ordifftary  metallic  packing  when  oiled. 

There  have  been  so  many  exaggerations  and  misrepre- 
sentations respecting  this  engine  from  first  to  last,  that  we 
cannot  venture  to  give  credence  to  any  thing  on  the  sub- 
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ject,  without  seeing  this  alleged  improvement  in  actual 
practice,  or  attested  by  men  of  credit  and  respectability ; 
certain  it  is,  that  Mr.  Perkins's  engine  can  never  answer, 
without  such  an  allay  as  that  alluded  to ;  and  it  is  equally 
certain,  that  if  a  material  possessing  these  qualities  has 
been  discovered,  its  utility  will  not  be  limited  to  the  steam 
engine  alone,  but  will  be  equally  applicable  to  machines 
of  almost  every  modification. 

Mr.  Marc  Izambard  Brunei  obtained  a  patent  in  1823, 
for  a  very  ingenious  application  of  the  steam  engine,  by 
which  the  connecting  rods  of  two  cylinders  are  made  to  give 
motion  to  the  same  crank :  the  following  figure  and  de« 
scription  will  enable  our  readers  to  understand  it.* 

Fig.  1.  is  a  front  elevation,  and  fig.  2.  a  plan  or  birdV 
eye  view  of  the  engine,  divested  of  the  various  gear  and 
appendages  employed  in  communicating  its  power,  in 
order  that  it  may  be  clearly  and  readily  understood. 

a  a  a  is  a  strong  triangular  frame  of  cast  iron,  contain- 
ing the  two  working  cylinders,  6  6 ;  these  cylinders  are 
inclined  towards  each  other,  so  as  to  form  an  angle  of 
102*",  that  particular  angle  having  been  found  by  Mr.  Bru« 
uel  to  be  preferable  to  all  others  in  effecting  a  rotatory 
motion  to  the  crank,  by  the  alternating  action  of  the  piston 
rods,  c  c  are  the  piston  rods  ;  d  d  the  connecting  rods,  at- 
tached  to  the  revolving  crank  ee,  which  by  its  axis  com- 
municates motion  to  whatever  machinery  may  be  connected 
thereto  ;  //are  metal  rollers,  running  upon  guide  plates, 
to  give  support  to  the  pistons,  and  thereby  equalise  their 
friction  in  the  cylinders. 

The  steam  is  received  from  the  boiler  into  the  small 
cylinders  g  9,  and,  by  the  action  of  the  pistons  therein,  the 
steam  is  alternately  admitted  into  one  of  the  ends  of  the 
working  cylinders,  6  6,  and  a  passage  opened  for  its  escape 
at  the  other.  The  action  of  the  pistons  in  the  small  cylin- 
der^^ggyis  effected  by  eccentrics,  placed  upon  the  axis 
of  the  main  crank  6,  as  may  be  seen  at  fig.  2 ;  these  eccen- 
trics give  motion  to  the  rods  h  A,  which,  by  the  intermediate 
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FIG.  1. 


{BruneFt  Engitie.    1623.) 

Iflvera  shown,  operate  upon  the  piatona  in  the  small 
cylinders. 

A  patent  was  obtained  in  )  8'24,  by  Mr.  George  Vaughao, 
of  Sheffield,  fora  very  curious  application  of  the  old  open- 
tupped  or  atmospheric  steam  engine,  which  we  here  give, 
not  trom  any  faith  in  the  alleged  advantages  derivable  from 
ita  Dse,  but  from  the  novelty  of  il3  appearance. 

"  Fig.  2.  represents  a  section  of  the  cylinder,  a  a  a  a  is 
o  caat-iron  cylinder,  open  at  both  ends,  and  bored  true  ;  & 
a  partition  in  the  middle  of  the  cylinder,  a,  which  may  be 
easilycastin,  or  bolted  in  afterwards  ;  ccccis  a  casing  cast 
round  the  cylinder  a,  with  a  flange  at  the  top  and  at  the 
Lotlom,  and  another  a  little  below  the  middle,  to  fix  the 
cylinder  in  its  place,  which  casing  is  for  the  purpose  of 

11.  Sk 
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(Vaughan's  Engiae.     1824.) 

heating  tbe  cylinder,  and  keeping  it  hot  in  the  usual  wav  i 
two  side  rods,  dddd,  work  through  two  copper  or  other 
metal  pipes  fixed  between  the  casing  and  the  cylinder, 
which  pipes  are  rivetted  to  the  top  and  bottom  Rangf.  of 
the  cylinder ;  e  e  are  (wo  cross  bars  connected  to  the  side 
rod  at  both  ends,  and  also  to  the  top  and  bottom  rods  of 
the  pistons.  The  upper  piston  is  represented  as  nearly  at 
the  top  of  the  cylinder.  The  piston  rod  is  connected  to  the 
cross  bar  by  a  socket  in  such  bar,  which  bar  is  suspended  in 
the  links  of  the  parallel  motion,  gg  are  the  two  pistons 
and  rods  above  alluded  to,  which,  when  connected  with 
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the  cross  bars,  e  e,  moTe  together^  producing  what  I  call 
one  stroke  with  two  pistons.  A  is  a  cock  and  funnel  for 
conveying  grease  through  the  casing  and  the  cylinder  to 
the  bottom  piston  close  to  the  partition  6.  t  is  a  cock  at 
the  bottom  of  the  casing^  to  let  out  in  the  usual  manner  the 
condensed  steam  from  between  the  casing  and  cylinder,  k 
is  the  ?ock  and  pipe  to  convey  steam  from  the  steam  pipe 
into  the  casing  of  the  cylinder ;  / 1  represent  two  passages 
which  are  cast  in  a  branch  proceeding  from  the  cylinder 
and  casing,  the  one  passage  communicating  above  the  par- 
tition by  and  the  other  below,  to  convey  steam  in  and  out 
firom  under  the  top  and  above  the  bottom  piston,  m  is  a 
passage  to  convey  steam  from  under  the  slide  valve  into 
the  condenser,  which  is  cast  in  the  same  branch  in  the 
usual  way.  n  is  the  slide  valve  inclosed  in  the  steam  box, 
haying  the  steam  pipe o  connected  with  such  box.  The  slide 
or  other  valve  may  be  moved  in  any  of  the  known  methods 
employed  for  that  purpose." 

The  steam  being  admitted,  through  the  upper  passage  ly 
into  the  upper  chamber  of  the  cylinder,  its  piston  is  thereby 
thrown  up,  and  the  vacuum  being  immediately  formed  in 
the  usual  way,  the  pressure  of  the  atmosphere  of  course 
operates  instantly  to  thrust  it  down  again,  whilst  at  the 
same  moment  a  corresponding  effect  is  being  produced  upon 
the  piston  in  the  lower  chamber,  by  the  steam  rushing  into 
ft  through  the  lower  passage  /,  thus  co-operating  with  the 
atmospheric  pressure  from  above,  in  producing  what  the 
patentee  calls  '^one  stroke  with  two  pistons.''  A  vacuum 
being  next  formed  in  the  lower  chamber,  the  atmospheric 
pressure  acts  upon  the  lower  piston,  while  the  steam, 
again  admitted  through  the  upper  passage  {,  assists  in  like 
manner  in  throwing  up  both  pistons  as  before,  and  thus  by 
alternately  allowing  the  steam  to  rush  through  the  two 
passages  {/  into  the  upper  and  lower  chambers,  a  constant 
uniform  motion  is  produced  and  kept  up. 

The  advantages  stated  to  be  derived  from  this  engine 
are*  that  by  the  united  application  of  the  force  of  steam 
from  the  boiler  on  one  piston,  and  the  pressure  of  the 
atmosphere  on  another,  a  greater  power  is  obtained,  than 
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can  be  by  the  Bolton  and  Watt  engine,  where  the  air  ^n 
excluded.  The  error  of  the  patentee  seems  to  have  arisen 
from  his  not  being  conscious  that  steam  acting  in  a  boiler,  at 
the  pressure  of  41bs.  on  the  inch,  would,  in  a  vacuum,  exert 
a  force  equal  to  41bs.  +  the  pressure  of  the  atmosphere,  or 
4+  14^  s  18^,  When  therefore  we  unite,  as  in  the  present 
instance,  the  pressure  of  the  atmosphere  to  that  of  the 
steam,  we  obtain  only  4+  14i  =  18^,  being  the  same  re- 
sult in  both  instances.  This  complicated  machinery  there- 
fore answers  no  other  end  than  that  of  increasing  the  fric- 
tion, and  adding  to  the  expense. 

Mr.  J.  C.  C.  Raddatz  obtained  a  patent  in  1825,  for  an 
invention  of  Dr.  Ernst  Alban,  a  physician  of  Rostock,  in 
the  grand  duchy  of  Mecklenburgh.  This  latter  gentleman 
came  to  England,  for  the  purpose  of  introducing  his  inven- 
tion, which  consists,  like  Perkins's,  of  an  attempt  to  reduce 
the  consumption  of  fuel,  by  increasing  the  pressure  of  the 
steam ;  but  Dr.  Alban's  apparatus  is  much  more  novel  and 

ingenious. 

The  vessels  wherein  the  steam  is  immediately  generated, 
are  of  a  very  narrow  compass,  and  made  of  tough  metals, 
on  which  account  they  are  very  durable,  although  not 
constructed  of  any  great  thickness.  They  consist  of  tubes 
of  small  diameter,  which  are  calculated  to  sustain  a  pres- 
sure of  4  to  60001  bs.  to  the  square  inch,  thus  removing  all 
chance  or  possibility  of  their  bursting  ;  an  event,  which, 
even  if  it  could  happen,  this  construction  would  render 
perfectly  harmless.  These  generating  vessels  have  only 
about  one  foot  of  steam  producing  surface  to  the  horse 
power,  and  in  order  that  the  generation  of  steam  may  be 
increased  to  such  a  degree  that  the  intended  eflFect  can  be 
produced,  and  in  order  at  the  same  time  to  withdraw  them 
from  the  destroying  influence  of  the  fire,  they  are  placed 
within  a  medium,  consisting  of  an  easily  fusibly  metal,  or 
metallic  mixture,  such  as  tin  and  lead,  which  is  introduced 
into  a  tank  or  vessel  of  cast  iron,  and  exposed  therein  to 
the  action  of  the  fire.  In  these  latter,  which  Dr.  Alban 
calls  his  metal  vessels,  he  exposes  a  very  extended  surface 
to  the  action  of  the  fire,  without  infringing  on  space,  or 
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requiring  any  great  quantity  of  the  fusible  metals  or 
filling  them,  as  may  be  easily  seen  by  reference  to  the  form 
of  the  metal  vessel,  fig.  2.  By  this  means  caloric  is  con* 
ducted  in  large  portions  to  the  medium,  which  being  a 
good  conductor  of  heat  rapidly  imbibes  it,  and  forms,  as 
it  were,  around  the  generator,  a  store  of  caloric,  which  it 
gives  out  so  equably  and  rapidly,  that  the  tubes,  with  but 
a  small  generating  surface,  collect  and  give  out  to  the 
water  which  is  to  be  converted  into  steam,  as  much  caloric 
as  if  that  surface  had  been  ten  times  the  size  upon  the 
ordinary  construction.  Both  the  metal  vessels  and  the 
generator  present  an  inconsiderable  surface  to  the  atmos* 
phere,  and  in  this  manner  the  inventor  has  sought  to  pre* 
vent  any  condensation  in  the  generator  of  the  steam  already 
generated,  as  well  as  to  prevent,  generally,  any  disadvan- 
tage  resulting  from  the  radiation  of  caloric. 

The  water  is  conveyed  into  Dr.  Alban's  generator, 
only  in  the  quantity  required  to  produce  a  given  and 
continuing  efiect.  For  this  purpose  the  forcing  pump, 
by  means  of  which  the  injections  are  supplied,  is  made  to 
regulate  itself  in  such  a  manner  that  it  either  moderates 
or  entirely  suspends  the  injection  of  water,  according  to 
the  state  of  pressure  in  the  generator.  The  steam  gene* 
ration  is  thus  entirely  independent  of  the  management  ot 
the  fire  by  the  stoker,  and  is  at  all  times  subservient  to  the 
wants  of  the  engine  to  which  this  apparatus  may  be  ap* 
plied.  All  possible  danger  would  likewise  be  removed 
by  this  means,  even  in  the  absence  of  any  safety  valve. 
When  it  is  required  to  stop  the  engine,  it  is  only  necessary 
to  put  the  forcing  pump  out  of  action,  and  the  generation 
of  steam  ceases  of  necessity. 

In  order  to  prevent  the  metallic  fusion  from  being  over- 
heated, in  cases  where  a  smaller  supply  of  steam  is  required, 
or  where  a  suspension  of  steam  generation  takes  place,  by 
the  stoppage  of  the  engine,  or  otherwise,  the  inventor  has 
arranged  a  heat  regulator,  which  regulates  the  intensity 
of  the  fire.  This  apparatus  indicates  the  degree  of  tem- 
perature of  the  fusion,  upon  which  solely  its  action 
depends,  and  the  generation  of  steam  in  the  generator  has 
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no  influence  whatever  upon  it;  the  regulator  continuing 
to  act  when  the  generation  of  steam  has  ceased,  on  which 
account  it  is  essentially  difierent  from  any  heat  regulator 
hitherto  used.  Its  application  is  indispensable  to  this  ap« 
paratuf^  in  order  to  prevent  so  great  a  heating  of  the 
generating  tubes  as  might  occasion  a  decomposition  of 
the  water  injected  therein. 

The  very  great  saving  of  fuel  anticipated  from  this  in- 
vention is  attempted  to  be  accounted  for,  partly  in  conse- 
quence of  the  steam  being  produced  at  so  very  high  a 
pressure,  and  partly  by  the  circumstance,  that  the  metallic 
medium,  when  in  a  state  of  fusion,  is  one  of  the  best  con- 
ductors of  heat  in  nature,  receiving  and  collecting  the  heat 
within  itself  very  quickly,  and  without  loss^nd  thereafter 
giving  it  out  in  a  concentrated  form  to  the  generator* 
Owing  to  the  constant  motion  kept  up  among  the  hotter 
and  colder  parts  of  the  metallic  fusion,  as  in  the  case  of 
heated  water,  the  more  heated  portion  having  a  tendency 
to  ascend,  while  the  cooler  part  descends*  the  caloric  is 
distributed  very  quickly  and  equably  through  the  whole 
body.  All  congealment  of  the  metallic  medium  is  avoided,, 
by  using  such  an  admixture  of  metals,  as  will  fuse  at  a 
temperature  lower  than  that  which  the  steam  receives 
within  the  generator.  In  ordinary  boilers,  the  heat  of  the 
fire  acts  upon  a  bad  conductor  of  heat,  water,  and  upon  a 
proportionable  large  body  thereof;  the  parting  with  its 
heat  cannot,  therefore,  be  free  or  quick,  and  in  order  to 
produce  any  powerful  effects,  it  is  necessary  to  expose  a 
very  large  surface  of  the  boiler  to  the  action  of  the  fire. 
.  For  the  reasons  stated,  it  is,  however,  quite  otherwise 
with  this  new  apparatus  for  generating  steam,  and  the  sur- 
foce  exposed  to  the  action  of  the  fire  is  therefore  conside- 
rably less,  in  proportion  to  the  generation,  than  in  ordinary 
boilers.  The  rapid  generation  of  steam  by  this  method, 
is  likewise  much  favoured  by  the  circumstance,  that  water 
is  injected  in  small  quantities  only,  and  is  distributed  on 
all  the  sides  of  the  generator. 

Figures  1, 2,  and  8,  are  representations  of  the  genera  tin(j|^ 
apparatus,  cop  tructed  in  London,  under  the  superinten- 
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dance  of  the  inventor.  It  has  a  double  metal  vessel,  and 
two  generators;  fig.  1,  is  a  longitudinal  section  thereof; 
a  a  a,  is  the  cast-iron  metal  vessel.  6  6  6,  the  metallic  mix- 
ture. Supported  upon  the  lid  or  cover  of  the  metal 
vessel,  is  the  strong  top  of  the  generator  c  Cy  containing  a 
cylindrical  chamber  of  two  inches  diameter ;  ddddj  are  the 
wrought-iron  generating  tubes,  suspended  in  the  metallic 
fusion ;  they  are  of  \i  inch  bore,  and  are  screwed  into  the 
top  c  c,  so  that  they  may  be  taken  out  whenever  they  re- 
quire  cleaning.  6,  is  the  injection  pipe,  made  of  copper, 
through  which  the  water  is  conducted  into  the  generating 
tubes,  over  each  of  which  a  small  hole  is  perforated*  /, 
is  the  steam  pipe,  connected  with  the  engine  and  the  safety 
valve. 

Fig.  2.  is  a  transverse  section  of  the  double  metal  vessel ; 
it  is  freely  suspended  in  the  furnace,  and  exposed,  on  all 
its  four  sides  and  its  ends,  to  the  action  of  the  fire,  so  that 
although  it  is  but  4  feet  long,  3f  feet  high,  and,  including 
the  space  between  each  vessel,  takes  up  only  .9  inches  in 
width,  it  exposes  to  the  fire  a  surface  of  sixty  square  feet. 
aa^  is  the  double  metal  vessel;  66,  the  two  generators; 
ccy  the  two  injection  tubes,  which  are  joined  together  ex- 
ternally, and  communicate  in  one  pipe  to  the  forcing  pump. 
This  pump  is  of  the  usual  construction,  furnished  with  a 
lever  and  weight,  which  are  raised  by  the  engine,  through 
any  of  the  known  means.  If  the  production  of  steam  in 
the  generator  be  too  great  for  the  wants  of  the  engine,  the 
pressure  in  the  steam  chamber  will  act  against  the  injec- 
tion, and  the  weight  will  be  insufficient  to  force  down  the 
piston  of  the  pump,  which  will  thus  remain  inactive,  until 
the  pressure  is  diminished,  by  the  ceasing  of  production, 
and  the  expenditure  of  the  engine. 

The  heat  regulator  consists  of  two  pipes  filled  with  at- 
mospheric air,  one  of  each  being  inserted  into  each  metal 
vessel,  fig.  1.  gf,  and  surrounded  by  the  metallic  medinm  ; 
to  both  pipes,  very  narrow  tubes  are  fixed,  fig.  1,  A,  and 
fig.  8,  t,  which  are  joined  together  externally  into  one  tube, 
which  opens  inside  the  mercurial  cistern,  fig.  3,  a;  within 
the  mercury   therein  contained,  is  immersed  a  vertical 
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lube  6,  with  a  float  c  swimming  on  the  top  of  the  mercur]p. 
.This  float  is  connected,  by  means  of  the  rod  dy  with  the 
lever  e^  and  acts  by  the  rod/,  upon  the  damper  g,  which' 
regulates  the  draught  of  the  fire  in  the  ash-hole.  When 
the  air  in  the  pipes  fig.  1,  g  g^  becomes  heated  by  the  fu- 
sion, it  expands  progressively  as  this  becomes  hotter; 
presses  on  the  mercury  in  a,  fig.  3,  and  causes  it  to  ascend 
in  the  tube  6.  By  the  rising  of  the  mercury,  the  float  c  is 
made  to  ascend  likewise,  and  acts  by  the  rod  d  on  the 
lever  «,  and  thereby  on  the  damper  9,  so  that  should  the 
temperature  of  the  fusion  be  greater  than  is  required,  it 
gradually  closes  the  air  hole  h;  the  supply  of  air  to  the 
fire  is  thus  prevented,  and  the  heat  is  consequently  di- 
minished. 

Of  all  the  inventions  which  have  lately  excited  the  public 
attention,  perhaps  no  one  has  been  more  the  subject  of  discus- 
sion, than  the  apparatus  patented  in  1823,  and  again  (for 
improvements)  in  1825,  by  Mr.  Samuel  Brown,  of  London, 
and  called  a  gas  vacuum  engine.  This  engine  is  intended 
as  a  substitute  for  the  steam  engine,  and  is  actuated  by  the 
inflammation  of  hydrogen  gas,  in  a  vessel  containing  a 
portion  of  atmospheric  air,  sufficient  for  the  combustion  of 
the  hydrogen*  The  oxygen  of  the  air,  then  combining 
with  the  hydrogen,  together  form  water,  which  of  course 
occupying  a  less  space  than  these  in  their  original  form, 
leave  in  the  vessel  a  partial  vacuum,  the  nitrogen  of  the 
air,  and  the  impurities  of  that  and  the  hydrogen  gas  only 
remaining*  This  vessel  is  made  to  communicate  with  the 
working  cylinder,  and  the  pressure  of  the  atmosphere  then 
acting  on  the  piston,  puts  it  in  motion,  which  motion  is 
continued  until  the  equilibrium  be  restored,  between  the 
interior  of  the  aforesaid  vessel  and  the  external  atmo- 
sphere. But  by  using  two  of  such  vessels,  and  repeating 
the  process  of  inflammation  alternately  on  each,  so  that  one 
of  them  may  be  giving  motion  to  the  piston,  whilst  the 
other  is  having  its  vacuum  restored,  the  working  part  of 
the  engine  may  be  constantly  kept  up. 

The  principle  of  forming  a  vacuum  by  these  means,  has 
been  long  familiar  to  every  one;  the  following  simple  expe- 
riment being  one  which,  we  doubt  not,  each  of  our  readen 
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will  remember  to  have  heard  of,  when  a  child.  Take 
a  wine,  0(  any  other  glass,  small  enough  to  be  covered  on 
the  top  by  the  palm  of  the  hand,  and  having  placed  a  small 
piece  of  lighted  paper  on  the  middle  of  the  palm,  (taking 
care  to  protect  the  hand  from  being  burnt,)  then  covering 
the  burning  paper  with  the  mouth  of  the  glass,  by  pressing 
the  latter  aga«nst  the  hand,  a  partial  vacuum  is  instantly 
formed,  (by  the  combustion  of  the  oxygen  of  the  air  in  the 
glass,)  sufficient  not  only  to  prevent  the  glass  from  falling, 
when  the  palm  of  the  hand  is  turned  downwards,  but  such 
as  to  require  some  little  force  to  remove  it  from  its  hold. 
If  this  experiment  be  dexterously  performed,  it  will  per* 
haps  give  some  pain  to  a  delicate  hand,  from  the  great 
force  with  which  the  pressure  of  the  atmosphere  presses 
the  flesh  into  the  glass, 

Mr.  Brown^s  engine  is  a  modification  of  this  principle, 
and  will,  we  doubt  not,  be  fully  understood  by  the  follow « 
ing  description : — 

Inflammable  gas  is  introduced  along  a  pipe  into  an  open 
cylinder  or  vessel,  whilst  a  flame  placed  on  the  outside  of, 
but  near  to,  the  cylinder,  is  constantly  kept  burning,  and  at 
times  comes  in  contact  with  and  ignites  the  gas  therein ; 
the  cylinder  is  then  closed  air-tight,  and  the  flame  is  pre- 
vented from  communicating  with  the  gas  in  the  cylinder. 
The  gas  continues  to  flow  into  the  cylinder  for  a  short 
space  of  time,  then  it  is  stopped  off;  during  that  time,  it 
acts  by  its  annbugtion  upon  the  air  within  the  cylinder,  and 
at  the  same  time  a  part  of  the  rarified  air  escapes  through 
one  or  more  valves, — and  thus  a  vacuum  is  effected.  The 
vessel,  or  cylinder,  is  kept  cool  by  water.  Several  mecha- 
nical means  may  be  contrived,  to  bring  ihe  above  combi- 
nation into  use,  in  effecting  the  vacuum  with  inflammable 
gas,  and  on  the  same  principle  it  may  be  done  in  one,  two^ 
or  more  cylinders  or  vessels.  Having  a  vacuum  effected 
by  the  above  combination,  and  some  mechanical  con- 
trivance, powers  are  produced  by  its  application  to  machi- 
nery in  several  ways.  First,  water-wheels  may  be  turned : 
secondly,  \^ater  may  be  raised ;  and,  thirdly,  pistons  may 
be  worked. 

The  following  is  the  description  of  an  engine  applied  to 
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m  water-wheeL — ^The  two  cylinders  c  and  d  are  the  veflBels 
in  which  the  vacuum  is  to  be  effected ;  from  these  descend 
the  pipes  ^tjjf  and  AjA  leading  into  the  lower  cylinders 
X  Xy  from  which  the  water  rises  along  those  pipes  to  fill 
the  vacuum  cylinders  alternately.  The  water  thus  sup- 
plied,  is  discharged  through  the  pipes  B  into  the  tank  or 
trough  Zy  whence  it  falls  upon  the  overshot  water-wheel, 
and  by  the  rotatory  motion  thus  produced,  gives  power  to 
such  machinery  as  may  be  connected  to  it.  The  water 
runs  from  the  wheel,  along  a  case  surrounding  the  lower 
half,  into  a  reservoir  v,  from  which  the  lower  cylinders  xx 
are  alternately  supplied* 

In  order  to  produce  the  vacuum,  the  necessary  quantity 
of  gas  is  supplied  to  the  cylinders  by  means  of  the  pipe 
iririr,  to  be  conveniently  attached  to  a  gasometer.  The  gas 
also  passes  along  the  small  pipe  I  /,  (communicating  like- 
wise with  the  gasometer,)  and  being  lighted  at  both  ends 
of  that  pipe,  is  constantly  burning  for  the  purpose  of 
igniting  the  gas  within  the  cylinders. 

The  water  in  the  reservoir  v  passing  down  one  of  the 
pipes  w  into  one  of  the  lower  cylinders  «,  causes  the  floaty 
in  that  cylinder  to  rise,  and  pushing  up  the  rod  o,  raises  the 
end  b  of  the  beam,  which  of  course  draws  up  with  it  the 
cap/,  and  forces  down  the  cap  e  of  the  other  cylinder  c. 

The  gas  being  admitted  along  the  pipe  ir,  the  flame  from 
the  pipe  I  is  now  freely  communicated  to  the  gas  in  the 
cylinder  through  the  orifice,  by  the  opening  of  the  sliding 
valve  8y  which  is  raised  by  the  arm  r,  lifted  by  the  rod  o, 
by  means  of  the  beam. 

To  produce  the  intermitting  action  of  each  cylinder, 
some  subordinate  machinery  is  put  in  operation,  by  chains 
and  rods  attached  to  a  glass  or  iron  vessel  p,  partly  filled 
with  mercury,  and,  turning  upon  a  pivot,  each  end  re- 
ceives its  movements  of  elevation  and  depression,  from  the 
rise  and  jfall  of  the  projecting  arms  g,  by  the  action  of  the 
beam  above;  the  mercury  being  furnished  for  the  purpose 
of  regulating  the  supply  of  the  gas  into  the  cylinders,  and 
the  movement  of  the  slide  in  the  trough  v.  By  the  action 
ihmB  communicated,  the  water  from  the  reservoir  flows 
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down  tbe  pipe  w  into  the  vessel  x^  and  produces  the  ele* 
vation  of  the  float  y  and  the  rod  n,  and  raises  the  cap  e  by 
the  ascent  of  the  beam  at  a. 

The  motion  thus  caused  in  this  part  of  the  machinery, 
operating  upon  its  duplicate  parts  on  the  other  side,  of 
course  produces  by  its  action  a  corresponding  movement ; 
and  the  slider  in  the  trough  v,  moved  by  the  action  of  the 
mercurial  tube  p,  being  removed  from  its  position,  allows 
the  water  to  fall  into  the  other  pipe  Wy  and  as  it  ascends^ 
suffers  the  float  y  to  descend,  and  rising  into  the  main 
cylinder,  thus  lifts  again  the  beam  at  6,  and  its  connexions, 
and  forces  down  the  cap  e  on  the  top  of  the  other  cylinder. 

After  the  vacuum  is  effected  in  the  cylinders,  the  air 
must  be  admitted,  to  allow  the  water  to  be  discharged  and 
the  caps  to  be  raised :  this  is  accomplished  by  means  of  a 
sliding  valve  in  the  air  pipe  m  m,  acted  upon  by  chains  /  /, 
attached  to  the  floats  in  the  reservoir ;  and  as  motion  is 
given  to  them,  the  valve  is  made  to  slide  backwards  and 
forwards,  so  as  to  allow  of  the  free  admission  of  atmo- 
spheric air* 

Chains  tcti,  with  suspended  weights,  open  the  cocks  in  the 
pipe  irir,  and  produce  the  alternate  flow  of  the  gas,  and 
regulate  and  modify  its  supply. 

In  the  pipes  919  and  hjh  are  clacks  to  prevent  the 
return  of  the  water,  when  the  air  is  admitted  into  the 
cylinders.* 

When  pistons  are  worked,  the  vacuum  is  effected  (in  the 
manner  above  described)  under  the  piston,  which  is  then 
pressed  down  by  the  weight  of  the  atmosphere,  and  as  an 
engine  of  that  description  is  worked  with  two  cylinders  and 
pistons,  the  vacuum  being  produced  in  each  cylinder,  alter* 
nately,  the  fall  of  one  piston  raises  the  other,  and,  being  al« 
temately  pressed  down,  the  piston  rods  give  motion  to  the 
crank  and  fly  wheel.  The  air  is  admitted  through  large 
valves  in  the  piston,  and  through  orifices  in  the  cylinders. 
An  engine  may  be  worked  with  one  piston,  the  vacuum 
being  produced  in  two  cylinders  (as  in  the  water  engine>, 

*  Register  of  Arts  and  Sciences,  vol.  i.  p.  837. 
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from  which  a  pipe  communicates  with  a  third  cylinder,  in 
which  the  piston  works,  and  into  which  the  air  is  admitted 
alternately  under  and  over  the  piston,  while  the  vacuum 
extends  to  its  opposite  sides.  By  this  contrivance  a  much 
greater  rapidity  of  motion  may  be  given  to  the  piston,  it 
required. 

The  ways  being  therefore  explained,  in  which,  by  the 
pressure  of  the  air,  the  vacuum  produced  (and  continued) 
is  applied  to  useful  purposes,  Mr.  Brown  claims  to  be  the 
inventor  of  the  combination  above  described  for  effecting 
a  vacuum,  Aou;et;er  much  it  may  be  varied  by  the  mechanic 
col  means  with  which  it  may  be  used,  and  also  the  inven- 
tor of  applying  a  vacuum  produced  by  the  combustum  of 
inflammable  gas,  to  raising  water,  and  to  the  production  of 
motion  in  machinery  by  the  pressure  of  the  atmosphere. 

The  different  scientific  journals  were  much  divided,  as 
to  the  result  of  Mr.  Brown's  experiments :  not  that  any 
one  questioned  the  effective  operation  of  an  engine  on  tUb 
principle,  such  having  been  clearly  established  by  actual 
construction,  soon  after  the  publication  of  the  scheme  | 
the  question  simply  being,  whether  the  apparatus  could 
be  purchased  and  maintained,  at  a  less  or  at  a  greater  cost, 
than  the  steam  on  the  most  approved  construction.    It 
would  be  needless  to  repeat  the  various  inquiries  on  thitf 
aubject,  nearly  all  of  them  having  been  merely  theoretical, 
and  some  of  them  written  by  persons  unable  to  calculate 
from  all  the  facts  of  the  case.    We  have  before  us  tlie  re- 
port of  a  committee,  appointed  by  the  shareholders  of  a 
company  called  the  ^^  Canal  Gas  Engine  Company,"  formed 
expressly  for  the  purpose  of  trying  on  a  large  scale,  and  if 
practicable,  of  bringing  into  general  use,  Mr.  Brown's  en* 
gine.  Mr.  Routh,  a  director,  stated,  that  ^^  They  had  been 
appointed  to  ascertain  the  practicability  of  Mr.  Brown's 
engine,  for  the  application  of  gas  instead  of  steam,  to  the 
propulsion  of  vessels  either  on  canals  pr  navigable  rivers. 
Two  experiments  had  been  made ;  the  one  on  the  1st  of 
January,  and  the  other  on  the  previous  day,  under  the  in- 
spection  of  the  committee.      The  gentlemen  who  were 
entrusted  to  examine  and  report  to  the  shareholders,  diC> 
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fered  greatly  in  their  opinions  derived  from  those  experi- 
ments ;  but  they  were  now  ready  to  state  their  individual 
opinions  on  the  subject,  which  was  certainly  one  of  great 
national  importance.  The  day  on  which  the  first  experi* 
ment  was  made,  being  extremely  boisterous,  was  particularly 
unfovourable  to  the  performance  of  the  experiment,  inas« 
much  as  the  boat  itself  was  leaky,  and  the  machinery  defec* 
tive.  The  boat  then  made  way,  but  not  in  such  a  manner, 
as  to  give  a  highly  advantageous  opinion  of  the  powers  of 
the  engine.  In  the  second  experiment,  however,  it  was  in 
a  more  perfect  state.  The  boat,  which  was  started  from 
Blackfriars  Bridge,  went  at  the  rate  of  from  seven  to 
eight  miles  per  hour,  with  all  the  regularity  of  steam 
boats ;  the  paddles  moved  as  regularly ;  and  it  appeared 
the  power  of  the  engine  might  be  sustained  for  any  length 
of  time  by  gas,  as  well  as  by  steam.  It  was  the  opinion  of 
most  persons  present,  that  the  engine  answered  every  pur« 
pose  expected  of  it ;  and  he  owned  that,  as  far  as  power 
went,  it  was  his  own  opinion ;  but  he  considered  that  tha 
expense  of  procuring  gas  would  entirely  prevent  its  appli- 
cation  as  a  prime  mover,  instead  of  steam, — It  was  said 
that  gas  could  be  readily  and  cheaply  procured  by  the  de- 
composition of  water.  We  understood  the  chairman  to 
express  himself  of  opinion,  th^t  this  proposition  had  not 
been  yet  made  out.  He  was  decidedly  of  opinion  that  the 
company  ought  to  be  dissolved.  In  fact,  it  was  impossible 
that  it  could  go  on.  The  sum  of  rather  more  than  £6000 
had  been  subscribed.  £1000  had  been  given  to  Mr. 
Brown,  for  the  share  of  hb  patent  right  in  the  invention ; 
£1000  more  had  been  paid  for  constructing  an  engine, 
under  his  superintendance,  for  the  application  of  his 
principle,  which  had  failed.  £1700  was  locked  up  in 
the  bands  of  their  bankers.  Sir  John  Perring  and  Co. ; 
then  £300  was  paid  for  a  boat,  and  the  remaining  avail* 
able  funds  were  otherwise  absorbed.  The  company  could 
not,  therefore,  proceed  without  another  call,  which  could 
not  of  course  be  made,  or,  if  made,  attended  to.'* 

On  the  other  hand,  it  was  stated  by  Mr.  Brown,  <^  that 
the  experiment  had  succeeded  to  the  full  extent  contem- 
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plated  by  himself  and  friends.  On  the  first  time  of  the 
experiment,  the  engine  itself  was  not  got  into  any  state  of 
completeness,  until  the  midnight  preceding  the  inorning 
of  trial,  and  the  boat  was  accidentally  run  on  shore,  and 
stove  in  her  side.  They  had  to  make  the  experiment  on  a 
boisterous  day,  and  before  this  accident  was  repaired,  the 
paddle-wheel  was  found  to  be  too  small,  and  deficient  in 
power.  A  second  experiment  was  made  on  the  river,  be- 
fore the  Lords  of  the  Admiralty  and  a  number  of  scientific 
men,  and  the  result  was  such  as  to  confirm  their  minds  in 
favour  of  its  eligibility.  He  would  state  further,  that  it 
would,  without  doubt,  be  adopted."*  He  did  not,  how- 
ever, shew  by  figures,  or  any  other  calculation,  that  gas 
could  be  obtained  at  such  a  cost,  as  to  allow  a  fair  com- 
petition with  the  steam  engine ;  and  we  are  therefore  in- 
clined to  give  full  credit  to  the  statements  of  the  chafrman 
and  directors,  namely,  ^^  that  the  expense  of  procuring  gas 
would  entirely  supersede  its  application  as  a  prime  mother ^ 
instead  of  steam.' ' 

Previously  to  the  year  1823,  carbonic  acid  had  never  been 
exhibited  but  in  the  gaseous  or  aeriform  state,  and  it  was 
a  commonly  received  opinion,  that  no  degree  of  pressure 
fior  of  cold  would  cause  it  to  assume  a  more  concentrated 
form ;  in  the  early  part  of  that  year,  however,  Mr.  Faraday 
of  the  Royal  Society,  under  the  direction  of  its  then  illus- 
trious president,  Sir  H.  Davy,  succeeded  in  reducing  it  (as 
well  as  several  other  gases)  into  a  liquid  state,  by  the 
mechanical  pressure  of  a  condensing  pump. 

This  liquid,  at  the  temperature  of  freezing  water,  in 
its  endeavour  to  assume  the  aeriform  state,  exerts  an  ex- 
pansive force  equal  to  30  atmospheres ;  at  ordinary  tempe- 
ratures, a  force  of  from  40  to  50  atmospheres  ;  and  on  a  heat 
of  only  120*  Fafa.  being  applied,  the  force  is  increased  to 
90  atmospheres ;  the  pressure  increasing  in  a  similar  ratio 
for  higher  degrees  of  heat ;  in  other  words,  at  the  rate  of 
about  11  or  12  pounds  increased  pressure  upon  the  inch, 
for  every  single  additional  degree  of  heat. 

^  Public  Ledger. 
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We  may  easily  conceive  that  to  construct  an  apparatus  by 
which  a  power  so  immense,  and  apparently  so  economical, 
might  be  rendered  available,  like  the  steam  engine,  as  a  first 
mover  to   all  kinds  of  machinery,  has  occupied  the  at- 
tention and  study  of  many  of  the  most  scientific  and  clever 
men,  not  only  of  this,  but  of  every  country  in  the  civilised 
world ;  since  it  cannot  be  doubted  that  the  paper  of  Sir  H. 
Davy,  ^«  an  the  application  of  liquids  formed  by  the  con-* 
densation  of  gases  as  mechanical  agents^'*  has  been  pub- 
lished every  where,  and  translated  into  the  language  of 
every  country  where  mechanics  are  studied  as  a  science. 
Nearly  four  years  have  intervened  since  the  publication  of 
the  important  facts   detailed  in   the  paper   alluded  to, 
during  which  period,  not  only  individual  talent,  but  the 
abilities  of  one  of  our  first  chemists  have  been  united  with 
those  of  one  of  our  most  eminent  engineers,  for  the  accom« 
plishment  of  this  great  desideratum.     In  this  honourable 
spirit  of  rivalry,  the  talents  of  Mr.  M.  I.  Brunei  have  been 
employed,  and  he  has  so  far  satisfied  himself  of  the  advan- 
tages arising  from  such  an  apparatus,  as  to  have  procured 
a  patent  for  an  engine  on  this  principle. 

It  is  proper  that  we  should  here  remark,  that  the  patent 
right  for  Mr.  Brunei's  apparatus  is  not  limited  to  the  em- 
ployment of  carbonic  acid,  but  that  it  extends  to  all  liquids 
which  are  the  result  of  the  condensation  of  the  gases.  The 
preference  being  however  given  to  the  former,  we  may 
perhaps  infer  that  the  engine  we  have  to  describe,  is  bet* 
ter  adapted  to  the  peculiar  properties  of  carbonic  acid  gas, 
than  to  those  of  the  others.  Carbonic  acid  gas  may  be  ob- 
tained by  decomposing* any  of  the  carbonates  by  the  action 
of  the  common  acids.  The  mode  of  obtaining  the  liquid 
from  the  gas,  is  by  forming  the  gas  under  a  gasometer, 
and  condensing  it  afterwards  in  another  vessel,  by  means 
of  a  condensing  pump,  and  continuing  the  operation  until 
it  passes  to  the  liquid  state. 

The  apparatus,  as  shewn  at  fig.  2,  consists  of  five  dis* 

tinct  cylindrical  vessels;  the  two  exterior  vessels  a  and  6 

contain  the  carbonic  acid  reduced  to  the  liquid  form,  and 

are  called  the  receivers;  from  these  it  passes  into  the  two 
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adjoining  vessels  c  and  J,  termed  expanshn  ve$$eU;  these 
last,  having  tubes  of  commiuiioation  with  the  working 
cylinder  e,  the  piston  therein  (shewn  by  dots)  is  operated 
upon  by  the  alternate  expansion  and  condensation  of  the 
gas,  giving  motion  to  the  rod/,  and  consequently  to  what- 
ever machinery  may  be  attached  thereto. 

As  the  working  cylinder  e  is  of  the  usual  construction^ 
no  further  description  of  that  part  of  the  apparatus  is  ne- 
cewary ;  and  as  the  two  vessels  on  one  side  of  the  cylinder 
are  preeiuely  similar  to  those  on  the  other,  a  description 
of  the  receiver  a,  and  the  expansion  vessel  c,  will  ^pply  to 
their  counterparts  6  and  d;  the  two  former,  (a  and  c)  are 
therefore  given  in  a  separate  figure,  (1)  on  a  larger  scale, 
in  section,  that  their  construction  may  be  seen,  and  their 
operation  better  understood.  The  same  letters  of  reference 
designate  the  like  parts  in  both  figures. 

The  communication  of  the  colidensing  pump  (before 
■lentioned)  with  the  receiver  a,  is  through  the  orifice  jf, 
which  can  be  stopped  at  pleasure  by  the  plug  or  stop-'Cock 
A.  When  the  receiver  has  been  charged  with  the  liquid 
and  closed,  a  pipe  t  is  applied,  and  connected  to  the  ex- 
pansion  vessel  c,  at  ir.  H  is  a  lining  of  wood  (mahogany) 
or  other  non-conductor  of  heat,  to  prevent  the  absorption 
which  would  otherwise  be  occasioned,  by  the  thick  sub- 
stance of  the  metal.  The  expansion  vessel  is  connected, 
through  a  pipe  m,  to  the  working  cylinder  e  ;  these  vessels 
contain  oil,  or  any  other  suitable  fluid,  shewn  at  n,  as  a 
medium  between  the  gas  and  the  piston. 

Th^  receiver  is  a  strong  gun-metal  vessel,  of  consider- 
able thickness),  in  the  interior  of  which  are  placed  several 
thin  copper  tubes,  as  represented  at  ooo;  the  joints  of 
these  tubes,  through  the  top  and  bottom  of  the  receiver, 
are  made  perfectly  tight  by  packing.  The  use  of  these 
tubes  is  to  apply,  alternately,  heat  and  cold  to  the  liquid 
contained  in  the  receiver,  without  altering  very  sensibly 
the  temperature  of  the  cylinder.  The  operation  of  heat- 
ing and  cooling  through  the  thin  tubes  ooo,  taay  be  effected 
with  warm  water,  steam,  or  any  other  heating  medium ; 
and  cold  water,  or  any  other  cooling  medium.     For  this 
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purpose,  the  tubes  ooo  are  united  by  a  chamber  and  cock 
PP^  by  the  opening  of  which,  with  the  pipes  oo,  hot  and 
cold  water  may  alternately  be  let  in  and  forced  through, 
by  means  of  pumps,  the  cocks  being  worked  in  a  similar 
manner  to  those  in  steam  engines. 

Now,  if  hot  water,  say  at  120%  be  let  in  through  the 
tubes  of  the  receiver  a,  and  cold  water  at  the  same  time 
through  the  receiver  6,  the  liquid  in  the  first  receiver  will 
operate  with  a  force  of  about  90  atmospheres,  while  the 
liquid  in  the  receiver  6  will  only  exert  a  force  of  40  or  50 
atmospheres.  The  difference  between  these  two  pressures 
will  therefore  be  the  acting  power,  which  through  the 
medium  of  the  oil,  will  operate  upon  the  piston  in  the 
working  cylinder.  It  is  easy  to  comprehend  that,  by  let- 
ting hot  water  through  the  receiver  6,  and  cold  water 
through  the  opposite  one  a,  a  re-action  will  take  place, 
which  will  produce  in  the  working  cylinder  e,  an  alternate 
movement  of  the  piston,  applicable,  by  the  rod/,  to  various 
mechanical  purposes,  as  may  be  required. 

Mr.  Brunei  has  not  yet  constructed  an  engine  on  this 
principle,  so  that  its  utility  has  never  been  put  to  the  test 
of  experiment.  The  dreadfully  fatal  effects  which  have  been 
produced  by  inhaling  carbonic  acid  gas,  are  too  well 
known ;  and  it  is  to  be  feared  that  no  working  machine 
could  be  constructed,  but  what,  with  such  an  internal 
pressure,  must  be  subject  to  considerable  leakage,  and  con- 
sequently every  such  engine  m  ust  endanger  every  person  who 
approaches  it ;  for  such  are  the  instantaneous  effects  pro- 
duced by  this  gas,  that  instances  have  been  known  where 
it  has  proved  fatal  three  seconds  after  inhalation^ 

We  have  mentioned,  more  than  once  in  the  course  of 
this  work,  that  metallic  pistons  have  been  considered  as  a 
very  useful  substitute  for  those  which  are  packed  with 
hemp  or  cotton.  We  have  already  given,  at  page  76,  a 
description  of  one  invented  by  Mr.  Cartwright,  which,  as 
we  observed,  is  continued  to  be  used  to  this  day.  We  are 
now  about  to  describe  that  of  Mr.  Barton,  patented  in 
1818,  and  explained  as  follows. 

The  annexed  fi^rure  gives  a  horizontal  section  of  Mr. 
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Bartoirs  piston.  It  is  composed  of 
tiiree  seg^ments  aaa^  forminfi^  together 
a  circle ;  they  are  made  either  of  brass, 
or  cast  steel,  hardened  and  tempered. 
These  segments  are  preserved  in  their 
places  by  three  triangular  metal  wedges 
bbby  which  act  equally  upon  them  by 
the  pressure  of  the  three  strong  helical  springs  ccc  work- 
ing  over  three  steel  pins  (not  shewn).  When  the  segments 
become  worn,  the  wedges  are  protruded  forward  by  the 
force  of  the  springs,  and  fill  up  the  space  they  would  other- 
wise leave  unoccupied ;  by  which  a  perfectly  close  contact  in 
uniformly  preserved  for  a  very  considerable  period  of  time. 
On  the  exterior  or  periphery  of  the  circle  formed  by  the 
segments  and  wedges,  three  grooves  are  made  all  round; 
the  upper  and  lower  are  to  contain  two  metal  rings  with 
a  cleft  across  each,  which  just  fit  flush  into  them;  these 
serve  to  keep  the  several  parts  together,  so  as  to  prevent 
any  displacement  in  putting  in  or  taking  out  the  piston 
from  the  cylinder.  The  middle  groove  is  for  the  purpose 
of  holding  grease  or  oil,  to  lubricate  the  piston  and 
cylinder. 

Mr.  Barton  has  succeeded  in  bringing  this  kind  of  pis- 
ton into  use  somewhat  extensively,  and  has  obtained  the 
certificates  of  several  respectable  persons,  as  to  its  effec- 
tiveness and  utility:  from  among  these,  we  quote  the 
authority  of  Messrs.  Thornhill  and  Morley,  of  New  Bond 
Street,  who  state,  that  previously  to  the  adoption  of  Mr. 
Barton's  piston,  they  required  the  steam  to  be  raised  in 
the  boiler,  to  the  pressure  of  73  lbs.  on  the  inch;  but  that 
since  that  time,  their  engine  can  do  more  work  with  the 
steam  at  43  lbs.  only ;  and  that  during  three  years  they  had 
not  a  single  stoppage,  as  it  continued  perfectly  tight. 

The  objection  which  U  urged  against  this  piston  is,  that 
the  wedges  62/6,  advancing  forward  as  they  become  worn^ 
quicker  than  the  segmentp.aaa,  there  will  be  a  tendency 
in  them  to  cut  grooves  In  the  cylinder,  Ly  their  points 
constantly  working  up  and  down,  or  that  if  they  should 
not  produce  this  effect,  then  they  will  be  prevented  (by 
the  resista  jce  of  the  cylinder)  from  forcing  out  the  seg- 
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raentaso  as  to  keep  them  tight  against  thegidea,  And  thereby 
prevent  the  Bteam  from  escaping  past  them.  It  is  als»  con- 
tended, that  as  the  segments  are  worn  away,  they  will  not 
fit  closely  to  the  circle  of  the  cylinder,  because  the  curra* 
ture  of  a  small  circle  never  can  be  in  contact  with  that  of 
a  larger,  excepting  in  one  point.  In  reply  to  these  objec* 
tions  the  inventor  appeals  to  the  actual  experiment,  and 
certainly  it  appears  that  practice  haa  not  warranted  these 
conclusious;  it  being  found,  that  those  points  which  ar* 
most  forcibly  pressed  against  the  cylinder,  are  the  soonett 
worn  away,  and  therefore  that  the  points  of  the  wedges,  and 
those  parts  of  the  segments,  which  are  most  forcibly  pressed 
against  the  cylinder,  are  sooner  removed  by  this  self-coi> 
recting  process;  so  that  the  whole  is  kept  perfectly  circu- 
lar, and  in  close  contact  with  the  cylinder. 

A  patent  was  also  obtained  by  Mr.  William  Jessop,  of 
Batterley,  Derbyshire,  for  a  metallic  piston,  which  ia 
formed  only  of  one  piece,  of  a  B|Hral  figure,  as  below. 


The  piston  is  first  to  be  bound  round  with  hempe« 
packing,  as  a  bed  for  the  metallic  portion,  and  to  prevent 
the  escape  of  the  steam.  The  spiral  spring  is  placed  be- 
tween the  upper  and  lower  plates  of  the  piston,  through 
which  screw  bolts  are  pa:»ed,  and  by  turning  the  nuts, 
the  plates  are  brought  nearer  to  one  another,  and  the 
metallic  coib  are  thereby  pressed  closely  together.  Thus 
restrained  above  and  below,  the  metallic  coil  is  to  expand 
and  contract  laterally  against  the  sides  of  the  cylinder,  and 
while  it  shall  effectually  prevent  the  escape  of  the  steam, 
to  press  with  the  requisite  force,  uniformly,  so  as  to  pro- 
duce very  little  friction. 

On  this  plan  it  may  he  said,  that  though  the  method  of 
tightening  the  packing  as  it  wears,  is  simple  and  easy,  y«t 
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It  does  not  obviate  one  of  the  objections  against  hempen 
packing,  namely,  the  danger  that  a  careless,  or  even  an 
experienced  workman,  may  screw  it  down  so  tight,  as  that 
nearly  all  the  power  of  the  engine  will  be  absorbed  by 
giving  motion  to  the  piston.  Though  perhaps  this  will 
appear  a  matter  of  trifling  importance,  as  it  will  be  an* 
swered,  that  such  a  fault  can  be  easily  corrected,  yet  it  is 
found,  that  many  engine-men  are  extremely  careless  on 
these  matters,  so  that  it  is  desirable,  if  possible,  to  have 
the  piston  of  such  a  construction,  as  to  be  entirely  out  of 
their  power.  However,  in  the  hands  of  an  ingenious  and 
attentive  engine-man,  these  pistons  are  found  to  be  very 
useful  and  economical. 

A  great  variety  of  forms  have  been  given  to  the  metallic 
piston  :  generally,  however,  they  partake,  in  some  degree, 
of  the  principles  of  those  described. 

A  patent  was  obtained,  in  1833,  for  a  Rotative  Engine, 
by  Messrs.  Beningfield  and  Beale,  of  London,  which  re- 
sembled in  principle  those  of  Messrs.  Cartwright,  Malam, 
Routledge,  and  Chapman.  It  difiers,  however,  from  most 
of  these  in  some  points,  namely,  that  its  external  cylinder 
revolves,  whilst  the  interior  one  is  stationary,  and  the  mo« 
tion  is  communicated  to  the  machinery  by  a  spur  wheel  on 
the  cylinder  working  into  another  spur  wheel  on  the  shaft. 
The  internal  arrangements  of  the  engine  approach  the  near- 
est  to  Chapman^s,  of  any  of  the  above  engines,  the  difference 
being  that  the  leaves  or  valves  are  fixed  to  the  exterior 
cylinder,  and  the  piston  or  steam  stop  to  the  interior  cy- 
linder. There  are  many  ingenious  contrivances  for  the 
simple  working  of  the  different  parts,  and  for  keeping  the 
whole  apparatus  steam-tight  without  much  friction ;  and 
judging  from  the  small  engine  which  we  have  frequently 
teen  in  operation,  and  which  has  been  working  for  nearly 
three  yeakv  at  the  manufactory  of  Beningfield  and  Co.  we 
are  inclined  to  judge  more  favourably  of  this  rotative 
engine  than  any  we  have  yet  noticed*  On  a  small  scale, 
there  is  no  doubt  of  its  utility,  and  we  can  see  no  reason 
why  a  large  engine  should  not  be  found  effective. 

Captain  Walter  Foreman,  of  Bath,  obtained  a  patent, 
in  1824,  for  a  rotative  engine,  which  i^  thus  described. 
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Fig.  1.  is  a  side  view  of  the  steam-wheel,  with  the  easiog 
removed,  to  show  the  situation  and  construction  of  the 
valves,  and  their  mode  of  action  in  the  steam-way.  a  a  is 
the  steam-wheel,  reroiving  upon  its  axis  6.  cdefgh  are 
six  flap  valves,  having  steam-tight  joints,  and  fixed  to  six 
blocks  on  the  periphery  of  the  steam  wheel;  three  of  the 
valves  are  shown  opr>n,  and  three  closed,  t  is  a  fixed  stop 
for  arresting  the  course  of  the  steam;  it  is  composed  of 
an  upper  and  lower  piece,  accurately  fitting  the  sides  of 
the  chamber,  and  connected  together  by  means  of  screw 
bolts,  so  contrived  as  to  admit  of  an  easy  adjustment  when 
the  lower  curved  surface  may  become  worn,  by  the  friction 
of  the  periphery  of  the  steam-wbeel  in  its  revolution, 
o  is  the  anti-friction  roller,  fixed  to  a  springing  curved 
arm,  and  screwed  to  the  stop  t. 

Fig.  2.  is  a  vertical  section  of  fig.  1.,  through  the  axis; 
a  a  the  steam  wheel,  b  the  axis,  g  h  two  valves,  by  which  are 
seen  their  tapering  figure,  and  the  conical  form  of  the 
casing  which  encloses  them;  the  lower  valve  is  shown  as 
closing  (he  steam-way,  and  the  upper  one  as  leaving  it 
open.  It  will  now  be  perceived  that  the  valves  from  this 
peculiar  shape  do  not,  when  moving  backwards  or  for- 
wards, even  touch  the  sides  of  the  casing ;  consequently,  all 
friction  in  those  parts  is  obviated ;  the  dotted  lines  in  the 
upper  valve  are  intended  to  illustrate  this  observation, 
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it  they  describe  the  course  of  the  extreme  edge  of  the 
▼alve,  when  in  the  act  of  opening  or  shutting  the  steam- 
way. 

The  mode  of  operation  with  this  engine  is  as  follows : — 
Steam  is  admitted  by  the  tube  j,  which  immediately  fills 
np  the  space  between  the  stop  t  and  the  valve  c,  and  the 
latter  yielding  to  the  expansive  force  of  the  vapour,  gives 
motion  to  the  wheel  a  a;  when,  in  the  revolution,  the 
valve  h  takes  the  place  of  c,  the  flap  of  h  (swinging  upon 
its  joints)  falls  by  its  gravity  into  the  same  position ;  the 
steam  then  acts  against  it  in  like  manner  as  c,  and  succes- 
sively the  valves  g  ft  d  in  rotation,  as  fast  as  the  wheel 
revolves,  the  steam  finally  escaping  at  the  pipe  k;  the 
friction-roller  o  pressing  down  each  flap,  as  they  pass 
under  its  operation^  against  the  periphery  of  the  steam- 
wheel* 

The  only  novelty  in  this  engine  is  the  form  of  the  valves, 
which  are  not  rectangular,  like  those  of  other  rotative 
engines  on  a  similar  principle,  but  taper  outwards.  The 
reason  of  their  being  of  this  form  is,  that  there  may  be  no 
friction  from  their  sides  rubbing  against  the  lids  of  the 
cylinder,  except  when  they  are  opened  out,  as  at  c  dt: 
and  further,  that  as  they  become  worn  it  is  calculated  they 
will  still  continue  tight,  because  all  the  three  bearing  sides 
will,  by  being  a  little  further  opened,  press  upon  the 
several  surfaces  over  which  they  pass,  and  so  continue  to 
be  steam-tight.  Though,  perhaps,  a  valve  of  this  form, 
acting  in  a  circular  channel  of  the  shape  here  given,  may 
continue  steam-tight  for  a  great  length  of  time,  yet  it  un- 
fortunately happens  that  a  leakage  is  produced  in  another 
way  by  the  wearing  of  these  valves,  as  great,  if  not  greater, 
than  could  have  been  by  the  wearing  of  rectangular  valves. 
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These  valves  must,  in  order  to  pass  under  the  »tmni» 
stop,  fall  into  recesses  in  the  interior  cylinder,  of  the  forn» 
of  fig.  1,  and  if  very  accurately  fitted  to  the  sides  of  tb^ 
recess  (a  very  difficult  operation)  may  at  first  be  tolerably 
8team*tight ;  but  by  the  continued  wearing  of  the  three 
working  sides  of  the  valve,  ab,  bCy  and  d  €,  against  thtt 
Cylinder  and  lids,  the  valve  then  will  become  too  small 
for  the  recess,  and  appear  when  shut  as  in  fi^.  2.  Now^ 
supposing  the  stop,  t,  to  be  represented  by  the  dotted  lines, 
it  will  be  evident  that  whilst  the  stop  and  valve  are  aa 
there  shown,  the  steam  can  freely  enter  the  opening  be«> 
tween  the  valve  and  the  sides  of  the  recess,  and  escape 
through  that  opening  (say  from  a  to  6).  Therefore,  aa 
thece  is  at  all  times  one  or  other  of  these  valves  under  the 
steam-stop,  the  leakage  of  course  will  be  constant,  and  in 
a  short  time  so  great  as  to  render  the  engine  quite  ineffee^ 
live  and  useless.  Of  the  great  fi-iction  we  say  nothing, 
having  already  treated  of  it^  when  speaJiin^  of  the  ei^ 
gines  which  nearly  resemble  this  in  all  the  points  exce|^ 
the  variation  here  described. 

A  patent  was  obtained  in  1825,  by  Mr.  Joseph  Eve, 
(late  of  the  United  States,  but  now  of  Liverpool,)  for  a 
Rotatory  Engine^  the  following  description  of  which  w^ 
extract  from  his  specification. 

Fig.  1.  presents  an  end  section ;  fig.  2.  a  longiHudiiial 
section  of  the  said  engine,  on  the  simplest  manner  of  con* 
struction.  The  same  letters  refer  to  similar  parts  m  aU 
the  figures 

'  ^  a  a,  are  the  eylmder  and  cone,  revolving  in  contact  in 
opposite  directions,  the  cone  having  one  groove,  and  being 
one  third  of  the  diameter  of  the  cylinder,  which  latter  has 
three  wings  or  pistons  €  €  c,  the  ends  of  which,  as  they 
revolve,  touch  the  outer  case  c,  and  do  not  admit  any  steam 
to  pass.  The  steam  is  admitted  through  the  pipe  f,  and 
acting  on  the  wing  e,  causes  the  cylinder  to  revolve  until 
the  said  wing  paiases  the  pipe  g,  when  the  volume  of  steam 
lodged  between  each  two  wings,  is  allowed  to  escape. 
The  wingy  which-  has-  thus  passed,  falls  into  tfie  groove  d 
of  the  cone,  the  bottom  of  which  groove  it  touches  in 
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passing,  thus  allowiDg  no  steam  to  escape  between.  The 
said  wing  c  then  passes  again  by  the  steam  pipe^,  and  ia 
acted  upon  as  before  described,  and  so  on  in  rotation-. 
The  cylinder  a,  which  is  firmly  fixed  to  its  axis  bf  rests  on 
one  side  on  the  outer  case  e,  through  which  the  axis  pro- 
jects ;  but  as  there  is  some  friction  produced  by  the  revo- 
lution of  the  said  cylinder  at  its  two  ends  touching  the 
outer  case,  I  have  placed  a  false  end  A  A,  under  the  oppo- 
site end  of  the  cylinder,  which  false  end  slides  on  the  axis 
b  freely,  and  hag  a  thread  cut  at  the  end,  by  means  of  which, 
•ud  the  adjusting  uut  t,  the  cylinder,  if  worn  at  the  two 
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endsy  can  be  easily  tightened  and  adjusted.  The  adjusting 
nut  is  confined  by  the  collar  iy  which  collar  is  screwed  to 
the  outer  case.  The  conical  shape  of  the  small  runner, 
which  can  likewise  be  moved  upwards  or  downwards  in 
the  outer  case,  serves  to  keep  the  two  convex  surfaces  of 
the  cylinder  and  cone  in  contact. 

'*  The  groove  dy  in  the  conical  runner,  is  cut  into  a  sepa* 
rate  piece  of  metal,  which  slides  by  an  adjusting  screw 
o  up  and  down;  so  that  when  the  engine  is  adjusted,  the 
groove  d,  on  the  piece  of  metal,  into  which  the  said  groove 
is  cut,  can  be  moved  up  and  down,  so  as  to  fit  the  wings  of 
Che  cylinder. 

'^  Lietters  n  n,  in  fig*  2,  represent  two  cog-wheels  running 
into  each  other,  attached  on  the  outside  of  the  engine  to 
the  axis  of  the  cylinder  and  cone,  placed  there  for  the 
purpose  of  producing  a  corresponding  revolution  of  the 
said  cylinder  and  cone,  thus  causing  the  groove  of  the  cone 
to  present  itself  regularly  to  the  wings  of  the  cylinder ; 
o  is  a  pinion  fixed  to  the  other  end  of  the  axis,  by  means 
of  which  any  machinery  can  be  put  into  motion. 

'^  Another  variety  of  constituting  a  steam  engine  on  this 
principle  is  shown  by  an  end  section  view  in  fig.  5,  and  an 
external  view  in  fig.  6.  This  engine  has  a  cylinder  with 
two  small  conical  runners  on  each  side,  the  said  conical 
runners  being  of  the  same  construction  as  before  described, 
with  one  groove  cut  into  each,  and  being  one  third  of  the 
diameter  of  the  cylinder.  There  are  two  induction  and 
two  eduction  steam  pipes,  and,  although  the  engine  may 
be,  with  the  exception  of  the  addition  of  one  of  the  conical 
runners,  exactly  of  the  same  size  as  the  one  first  described, 
a  double  quantity  of  steam  is  requisite,  and  twice  the 
power  of  the  former  engine  is  gained  s  the  steam  enters 
through  the  pipe  /a,  and  acts  on  the  wing  c,  which  after 
having  passed  pipe  g  o,  where  the  steam  escapes,  falls  into 
the  groove  d  of  the  lower  cone,  and  appearing  at  the  in« 
duction  steam  pipe/6,  is  loaded  again  with  steam  pressure, 
which  it  discharges  at  the  second  eduction  pipe  g  o,  aud 
then  enters  the  groove  of  the  upper  cone,  which  having 
passed,  it  is  loaded  again  at  the  first-mentioned  indue- 
tion  pipe. 
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^  Letters  mm  are  bridges,  by  which  the  spindles  on  axis 
(£6  are  supported.  This  engine  has  three  cog-wheels 
nnn  attached  to  the  three  spindles^  so  as  to  cause  the 
9)'linder  and  cones  to  revolve  in  unison,  and,  like  the  first 
described  engine,  a  pinion  o  on  the  opposite  end  of  the 
axis  of  the  cylinder.  Fig.  7,  shows  an  end  section ;  fig.  8, 
{t  longitudinal  section  ;  and  fig.  9,  the  exterior. 

"The  two  conical  runners  in  this  engiiie  are  of  an  equal 
length  and  diameter,  each  has  two  wings  or  pistons  attached, 
and  two  grooves  cut  into  it,  and  in  revolving  in  opposite 
directions,  the  wing  of  one  runner  falls  alternately  into  the 
groove  of  the  other.  The  steam  enters  by  pipe/,  and  as 
the  cylinders  are  running  in  contact^  it  cannot  escape  be- 
tween them,  but  acts  upon  the  two  wings  in  opposite  di- 
rections, and  escapes  at  the  eduction  pipe  g,  after  the  said 
wings  have  passed  the  same.  By  reference  to  fig.  8,  which 
represents  a  longitudinal  section,  it  will  be  seen  that  the 
two  cones  h^ve  each  two  false  endsji  j>,  sliding  freely  on 
their  spindles ;  the  two  outer  cases  e  6  fit  over  the  runners 
and  their  wings  exactly,  each  of  the  four  false  ends  has  an 
adjusting  nut,  by  which  the  engine  is  tightened,  if  steam 
ahould  escape,  or  slackened,  if  it  should  run  too  tight. 
£ach  pair  of  the  false  ends,  where  they  join,  have  a  plate 
that  connects  them  and  breaks  their  joints,  so  as  to  prevent 
an  escape  of  steam ;  this  plate  p  slides  into  the  groove  r, 
cut  out  of  the  false  ends,  as  exhibited  by  fig.  3,  and  fig.  4, 
the  former  shewing  an  end  view  of  the  false  ends  with  the 
connecting  plate  in  the  middle.  On  thede  false  ends  pack- 
ing rings,  gg  g^  which  are  confined  to  the  sliding  plate  as 
exhibited  in  the  latter  figure,  are  placed.  These  rings  press 
against  the  hollow  outer  cases,  and  prevent  any  steam 
escaping  by  thetn*  These  packing  rings  are  shown  in  sec- 
tion, in  fig  8.  It  will  be  evident  that  the  false  ends  need 
not  be  made  true,  if  the  connecting  plates  and  packing 
rings,  as  above  described,  be  adopted,  and  that  the  engine, 
if  provided  with  moveable  false  ends,  conical  runners,  and 
the  afore-described  connecting  plate5«,  and  packing  rini(s 
attached,  a?  shown  in  fig  8,  can  always  be  kept  steam- 
tight,  ind  by  use  the  various  parts,  on  which  there  is  any 
friction,  will  fit  better* 
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This  engiae  approaches  nearest  to  Mr.  Plinths,  described 
at  pag;e  183,  and  is  of  course  liable  to  the  same  objections. 

A  patenf  ivas  obtained  in  1826,  by  Lonis  Joseph  Marie, 
Marquis  de  Combis,  for  an  improved  Rotary  Engine, 
fbe  principle  of  which  is  as  follows  :— • 

'^  A  piston  is  made  to  circulate  within  a  vertical  hollow 
ring,  by  steam  admitted  alternately  at  two  opposite  points 
of  the  diameter  of  the  latter,  and  discharged  through  per- 
forations in  the  central  boss  of  the  piston,  and  in  its  tuba« 
lar  axis ;  which  hollow  ring  is  separated  into  two  equal 
portions,  by  sliding  valves,  that  pass  across  its  cavity  on 
to  the  axle,  at  its  different  sides,  and  which  are  withdrawn 
•occessively  as  the  piston  approaches  to  them,  and  are  in* 
atantly  replaced  as  soon  as  it  has  passed. 

^^  The  form  of  the  case  that  contains  the  hollow  ring 
anay  be  conceived  by  supposing  a  ffat  cylinder  with  its 
angles  rounded  off,  from  which,  rectangular  pieces  project 
at  opposite  sides  of  its  diameter,  to  contain  the  sliding 
valves.  This  case  is  Mvtded  into  two  equal  portions,  by 
a  section  through  the  nriddle  of  the  axis  of  its  cylinder,  and 
at  right  angles  to  it,  each  ef  which  portions  is  again  divi* 
ded  into  two  equal  parts  by  another  section,  that  passes  in 
the  plane  of  the  axn,  and  through  the  midst  of  the  valve 
receptacles;  the  four  pieces,  thas  formed  by  the  two 
sections,  are  united  by  screw  bolts  and  nuts,  passed 
through  flanches  cast  on  them  for  their  reception.  A  per* 
fbratton  is  made  through  the  middle  of  the  cylinder,  in  the 
line  of  its  axis,  whose  diameter  is  between  three  and  four 
times  greater  than  that  of  the  revolving  axle  of  the  en« 
gine  that  passes  through  its  centre;  and  at  equal  distances 
Irom  It,  all  round  close  to  the  sides  of  the  cylinder,  is 
formed  the  annular  cavity,  or  hollow  ring,  in  which  the 
piston  moves. 

^  The  axle  of  the  engine  projects  a  considerable  distance 
beyond  the  cylinder  at  each  side,  to  allow  space  on  it  suf* 
ficient  for  the  reception  of  the  main  wheel  (by  which  it 
give^  motion  to  the  machines  witk  which  it  is  connected,) 
for  the  fly-wheel,  and  for  the  parts  that  impel  the  appara* 
l«%  wbich-  works  the  sliding  valves  of  the  hollow  ring,  and 
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those  of  the  steam  box  which  communicates  with  the  oppo* 
site  sides  of  its  diameter.  In  the  middle  of  this  axle  is  a 
boss,  or  enlarged  part,  of  the  full  diameter  of  the  perfo- 
ration of  the  cylinder,  but  only  of  the  thickness  which  is 
found  necessary  for  an  arm,  that  passes  from  it  to  the  piston 
at  right  angles  to  the  axle,  whose  breadth  regulates  its 
size :  and  for  the  revolution  of  which,  along  with  the  pis- 
ton^  a  circular  cavity  is  lefl  between  the  two  lateral  divi* 
sions  of  the  cylinder. 

^^  To  make  the  cavities  steam-tight  at  each  side  of  the 
boss  round  the  axle,  there  is  first  a  layer  of  hemp  packing 
put  in  close  to  it  at  each  side ;  secondly,  a  cylindrical  piece 
is  placed  over  that,  round  the  axle,  which  closely  fills  up 
the  whole  central  perforation  through  the  cylindrical  part 
of  the  case,  in  the  external  portion  of  which  piece  a  hoU 
low  cono'is  formed,  with  its  apex  next  the  boss,  from  the 
top  of  which,  ears  project  at  each  side,  through  which 
screws  pass  that  draw  it  towards  the  case,  and  thereby 
compress  the  packing  between  it  and  the  boss ;  and,  thirdly, 
a  conical  piece,  perforated  to  receive  the  axle  in  its  centre, 
and  ground  so  as  to  fit  the  conical  cavity  truly,  is  placed 
over  the  hole,  and  connected  by  sliding  side-pieces  to  the 
axle  so  as  to  turn  along  with  it;  while  from  other  pieces, 
ako  attached  to  the  axle,  screws  parallel  to  it  project  so 
as  to  press  it  towards  the  centre. 

^^  The  piston  (which  is  called  a  sole,  by  the  patentee)  is 
made  steam-tight  by  two  layers  of  metallic  packing,  (each 
formed  of  three  segments  of  a  circle  equal  to  it,  having 
three  triangular  pieces  pressed  into  the  angular  cavities, 
formed  at  their  points  of  junction  by  helical  springs  that 
proceed  from  the  centre,)  whose  principal  pieces  are  so 
arranged,  that  the  joinings  in  one  layer  are  covered  by  the 
middle  parts  of  those  in  the  other  layer ;  and  the  sliding 
valves  that  pass  across  the  case  horizontally  through  the 
hollow  ring  to  the  axle  are  made  steam-tight  at  the  sides, 
by  fitting  closely  to  the  parts  of  the  case  through  which 
they  pass,  and  next  the  axle  by  a  metallic  packing  pressed 
towards  the  latter  by  springs;  and  as  it  is  expedient  that 
these  valves  should  be  thin,  that  the  pbton  HMiy  pass  the 
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ea\  it ies  throtMBrh  which  they  slide,  with  more  Tacility,  io 
give  them  at  the  snme  time  suthcient  strength,  ribs  are  fixed 
to  their  faces  in  the  direction  of  their  motion,  for  which 
there  are  corresponding  grooves  formed  in  the  projections 
of  the  case,  into  which  they  are  received ;  which  projections 
extend  sufficiently  to  enclose  them  at  every  side,  only 
heing  perforated  opposite  the  middle  line  of  the  slides,  to 
allow  of  the  passage  of  rods,  that  proceed  from  them 
through  stuffing  boxes,  similar  to  piston  rods,  by  which 
reds  they  receive  their  motion. 

"  To  connect  the  main  wheel  with  the  axle,  two  circu- 
lar discs  are  fixed  to  the  latter,  so  that  one  of  them  may 
be  pressed  toward  the  other,  by  screws  from  other  |>ara 
proceeding  from  the  axle ;  and  the  main  wheei  being 
placed  between  these  discs,  with  its  centre  on  the  axie^  is 
so  compressed  between  them,  that  it  revolves  with  thetn, 
so  long  as  the  resistance  of  the  work  to  which  it  is  applieo 
is  less  than  that  caused  by  the  pressure  or  friction  or  tse 
discs  ;  but  should  the  former  become  the  greatest,  from  miy 
accideittal  obstruction,  the  discs  will  pass  round  without 
moyinfr  the  main  wheel ;  by  which  means  the  destruction 
of  material  parts  of  machinery  will  be  prevented,  whicii 
night  otherwise  be  liable  to  occur* 

^  To  one  of  these  discs  just  mentioned,  a  flat- toothed  plate 
is  attached,  whose  shape  and  teeth  correspond  with  those 
of  two  eccentric  spiral-toothed  cams,  one  of  which  is  placed 
at  each  side  of  it,  and  from  which  connecting  bars  proceed 
two  crank  pieces,  which  by  these  cams  move  forward  and 
retract  the  sliding  valves  of  the  hollow  ring,  at  the  proper 
periods ;  at  the  parts  of  these  cams  that  are  farthest  from 
their  centres,  the  teeth  are  serrated,  but  at  those  which  are 
more  centrical,  and  where  they  approximate  to  the  foim 
of  circles,  the  teeth  are  similar  to  those  in  common  use. 

^  The  steam  passes  from  the  boiler,  that  is  not  described, 
by  a  tube  furnished  with  a  cock,  Chy  which  the  passage 
can  be  diminished  as  desired,)  to  a  steam  receptacle  of  a 
semi-annular  form,  and  of  about  the  same  size  as  the  hot- 
kw  ring,  which  is  placed  parallel  to  this  latter.  Ffom 
ISw.  So 
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the  opposite  ends  of  this  receptacle,  tubes  pass  to  the  hol- 
low ring  close  to  the  sliding  vat ves;  in  which  tubes,  where 
they  proceed  from  the  receptacle,  are  fixed  other  sliding 
valves,  called  cocks,  by  the  patentee,  which  are  moved  by  a 
system  of  crank  levers  and  connecting .  bars,  something 
similar  to  that  used  for  the  valves  of  common  steam  en- 
gines, which  receive  their  primary  impulses  from  arms 
attached  to  the  axle  of  the  steam  engine  in  such  a  manner, 
that  the  times  and  degree  of  their  impulses  may  be  varied 
so  as  to  diminish  or  increase  the  quantity  of  the  steam 
admitted  to  the  engine,  by  a  little  apparatus  fixed  to  the» 
axle«  which  could  not  be  well  explained  without  a 
drawing. 

*^  These  valves  of  the  steam  tubes,  and  the  larger  slides 
of  the  hollow  ring,  are  moved  so,  by  the  means  described, 
that  as  soon  as  the  piston  passes  one  of  the  latter  and  it 
becomes  closed,  the  steam  tube,  that  enters  the  hollow 
ring  close  to  this  slider  and  between  it  and  the  piston,  is 
opened,  and  the  tube  at  the  opposite  side  becomes  closed, 
which  latter,  in  its  turn,  becomes  opened,  as  soon  as  the 
piston  has  passed  it  and  the  slide  at  the  side  close  ad- 
joining. 

<^  The  steam,  after  passing  out  from  the  hollow  ring 
through  the  perforation  in  the  boss  and  the  tubular  pas- 
sage in  the  axle  before-mentioned,  enters  a  condensing 
ressel,  where  the  greatest  part  of  it  is  condensed  into 
water,  and  through  a  spiral  tube  or  worm  in  the  vessel, 
runs  from  thence  by  a  pipe  into  a  closed  reservoir,  which 
communicates  with  the  bottom  of  the  pump  that  supplies  the 
boiler ;  to  which  pump  also  another  pipe  rises  from  the 
cold  water  well,  which  being  below  the  level  of  the  reser- 
voir, the  water  only  ascends  from  it,  when  the  latter  is 
empty ;  and  when  the  boiler  is  suflSciently  full,  the  pipe 
«f  supply  is  closed  by  the  rising  of  a  balanced  floating 
weight.  Thb  pump  is  worked  by  a  revolving  cr^nk^ 
that  communicates  with  the  main  axle,  and  which  turns  in 
a  horizontal  slot,  in  a  piece  attached  to  the  top  of  its  pis- 
ton rod. 
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^'  An  open  oil  vessel  is  placed  at  the  top  of  the  hollow 
ring,  from  which  a  pipe  passes  into  it,  that  is  closed  by  a 
cock  made  to  turn  round  very  slowly  by  a  pinion  attached 
to  it,  in  which  another  pinion  works,  whose  axis, extends 
to  one  of  the  discs  on  the  main  axle,  where  a  wheel  is 
fastened  to  it,  into  which  a  pin  projecting  from  the  disc 
strikes,  once  in  each  revolution  of  the  latter,  and  moves  it 
forwards  the  extent  of  a  single  tooth/'* 

This  engine  comes  nearest,  in  its  principle,  to  that 
patented  by  Mr.  Joseph  Turner,  m  1816,  the  form  of  the 
sliders  and  piston,  together  with  some  of  the  interior  ar- 
rangements, being  nearly  similar.  Some  of  the  improve- 
ments are  very  ingenious,  and,  on  the  whole,  perhaps, 
there  is  less  liability  to  waste  of  steam  :  but  we  fear,  that 
the  great  objection  to  many  rotary  engines,  namely,  the 
striking  of  the  sliders,  will  remain  here  in  full  force. 

We  now  come  to  describe  the  rotary,  for  which  the 
inventor  obtained  a  patent  in  December,  1826. 

Figure  1  represents  an  elevation  of  the  exterior  of  this 
rotary  engine.  Fig.  2  represents  an  end  view.  Fig.  3 
represents  a  section  of  fig.  2.  Fig.  4  a  section  of  fig.  1 .  aa^ 
figs.  1,  3,  and  4,  is  the  cylinder,  being  accurately  bored 
in  the  same  manner  as  the  cylinder  of  other  steam  engines, 
excepting  that  at  the  two  ends  there  is  a  rebate.  The 
flanges  are  also  turned  rectangularly  to  the  cylindric 
part,  so  as  to  be  quite  smooth  and  true  on  their  faces. 
The  lids  or  caps  6  6,  are  turned  on  their  flanges  also ;  they 
are  then  turned  flat  from  c  to/.  At /they  project  inwards, 
and  form  the  cylindric  bosses  dd,  (also  turned,)  until  they 
nearly  meet  each  other  in  the  interior  of  the  cylinder, 
leaving  only  a  space  of  about  two  inches  in  large  engines, 
and  a  proportionably  less  one  in  smaller  engines.  The 
turned  flanges  of  the  lids  being  ground  against  the  turned 
flanges  of  the  cylinder,  form  a  steam«tight  joining,  which  is 
made  additionally  secure  by  the  corner  or  angle  of  the  lid 


*  Repertory  of  Patent  Inventions,  vol.  iv.  pp.  240-5. 
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(FIG.  r.) 


bfiing^  at  the  same  lime  ground  a<^ainsl  the  rebate  in  the 
cylinder.  On  opposite  sides  of  the  cylinder,  fig.  3,  there 
are  two  apertures  cut  quite  through,  of  ?n  equal  breadth, 
and  extending  the  lenglhway  of  the  cylinder  parallel  to 
the  axis,  and  of  such  a  length  as  to  reach  about  three 
quartern  of  an  inch  over  the  flat  parts  r /,  nf  the  UAs. 
Grooves  of  a  corresponding  breadth,  and  3-4ths  of  an  inch 
deep,  are  cut  in  the  lids  from  c  to/,  in  a  direct  line  to 
the  axis.  Similar  groove8,y/,  are  cut  in  the  bosses  parallel 
to  the  axis.  These  are  about  an  inch  deep,  aad  of  the 
mme  breadth  b»  the  former.  The  dimensions  of  these 
grooves  will  be  varied,  to  suit  the  size  of  the  engine.      It 
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IS  apparent  that  a  section  from  y  to  z,  fig.  2,  will  pass 
through  the  centre  of  all  these  grooves.  The  slideis,  gg^ 
figs.  3  and  4,  are  two  plates  of  metal^  faced  with  a  thin 
facing  of  brass  or  gun-metal ;  they  are  of  such  a  thickness 
as  to  move  freely  in  their  respective  grooves,  of  such  a 
length  as  to  extend  from  the  bottom  of  the  grooves  in  each 
lid,  and  of  such  a  breadth  aa  ta  reach  from  the  outside  of 
the  cylinder  to  nearly  the  bottom  of  the  groove//".  The 
purpose  of  these  grooves  is  to  form  a  bearance  for  the 
sliders,  which  being  made  smooth  and  flat^  and  afterwards 
ground  into  their  places  in  the  grooves,  become  steam 
tight  in  every  part,  excepting  at  the  space  left  between 
the  bosses.  Now  there  is  a  central  plate,  x,  (fig.  3  and  4), 
which  is  attached  to,  and  revolves  with  the  axis  ee.  This 
plate  is  of  a  thickness  sufficient  to  occupy  the  space  be* 
tween  the  bosses,  and  is  kept  steam  tight  by  the  circular 
rings  1 1  and  2  2,  (placed  in  recesses  turned  in  the  bosses) 
pressing  upon  each  side  of  the  plate  x.  Underneath  each 
plate  is  introduced  a  quantity  of  hempen  or  cotton  pack* 
ing,  which  answers  the  double  purpose  of  preventing  the 
escape  of  the  steam  between  the  ring  and  its  recess,  and 
that  the  elasticity  of  the  packing,  by  keeping  the  ring 
pressed  upon  the  plate,  prevents  an  escape  in  that  di* 
rection. 

To  make  the  sliders  and  the  central  plate  form  a  steam- 
tight  union,  small  pieces  of  brass  are  screwed  to  the  sliders, 
and  thereby  allow  them  to  be  brought  into  contact  with 
the  edge  of  the  plate  x,  without  permitting  any  part  of  the 
sliders  to  touch  the  bottom  of  the  grooves,//.  At  oppo- 
site points  of  the  plate  x,  there  is  a  small  portion  of  the 
circle  cut  away,  (see  F,  fig.  3)  ;  the  purpose  of  which  is, 
that  the  sliders  may  be  moved  into  their  places  without 
noise,  for  that  Js  produced  by  the  striking  of  two  sub- 
stances together,  and  these  sliders  cannot  strike  against 
the  bottom  of  the  grooves,  nor  yet,  from  the  external  cara^ 
against  the  periphery  of  the  plate. 

The  boxes  or  cases,  i  i,  1,  2, 3  and  4,  are  for  the  recep* 
tfon  ef  the  sliders,  when  they  are  withdrawn  from  the 
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cylinder.  Stuffing  boxes,  jj,  are  placed  in  the  middle  of 
tbe  bonnets,  through  which  the  rods,  iri;,  are  worked. 
These  rods  are  attached  to  the  sliders  by  means  of  cross 
pieces,  b  b,  fig.  3,  which,  are  dove-tailed  and  bolted  to 
them  t  and  at  the  outer  end  they  are  keyed  to  the  cross 
beads,  mMi,  1  and  2,  similarly  secured  to  tbc  rods,  mtsn, 
which  are  forked  «t  tbe  ends  nearest  to  tbe  axis.    A  small 
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spindle  puses  through  the  ends  of  each  fork,  upon  which 
run  three  friction  sheaves,  the  larger  ones,  o,  fig.  I,  being 
placed  between  the  forks,  and  the  amaller  ones  pp^  on  the 
ends  of  the  spindle.  They  are  not  fixed  to  the  spindle, 
and  therefore  may  revolve  separately  and  independently 
of  each  other. 

The  piston  confcts  offoar  pieces  of  brass,  or  gun  metal, 
of  about  2^  inches  in  thickness,  filed,  or  otherwise  made 
perfectly  smooth,  and  uniformly  thick.  Each  piece  is  in 
the  form  of  the  letter  L,  in  the  interior  of  the  piit<« ; 
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and  the  spiral  springs,  acting  against  an  abutment,  force 
them  outwards.  Two  plates  of  metal,  having  a  facing  of 
equal  breadth  to  the  brass,  are  laid  on  each  surface  of  the 
brass  pieces,  and  pressed  mi  them  by  means  of  the  brass 
bolts  passing  through  t'be  whole  of  the  piston.  These 
plates  and  the  brass  pieces  being  previously  ground  to* 
gether,  prevent  the  steam  from  escaping  between  them  ; 
and,  as  an  additional  security,  there  are  semi-circular 
grooves  cast  in  the  metal  plates,  into  which  hemp  or  cotton 
is  stuffed,  and  by  pressing  on  the  brass  prevents  the  possi- 
bility of  an  escape,  except  at  the  points  of  union  between 
the  brass  pieced  In  order  to  make  these  parts  tight  also, 
small  overlap  pieces  are  sunk  into  the  brass,  about  one- 
fourth  of  im  inch,  and  as  the  piston  wears  away  and  widens 
the  openings  between  the  pieces,  these  still  continue  to 
cover  thenu  Those  parts  of  the  brass,  which  are  against 
the  arm  of  tfae  piston,  are  let  into  recesses,  and  hemp  or 
cotton  is  plaeed  oDdemeath  them,  which  prevents  escape 
in  that  direction.  This  is  called  a  compound  compensa- 
ting piston  :  it  possesses  the  property  of  beiug  more  tight 
than  metallic  pistons  are  generally,  by  the  using  of  both 
hempen  and  metallic  packing,  and  also  being  equally  free 
and  not  liable  to  be  jammed,  when  heated ;  this  latter 
qualification  arises  from,  making  the  bolts,  which  hold  the 
plates  together,  of  the  same  material  as  the  wearing  part, 
by  which  means  the  distance  between  the  plates,  when 
heated,  is  as  much  increased  by  the  expansion  of  the  bolts 
as  the  intervening  pieces  are  expanded;  consequently,  they 
cannot  be  bound  or  jammed  in  their  places,  under  any 
variation  of  temperature. 

There  are  four  valves  in  this  engine ;  two  of 4hem  are 
placed  in  each  lid.  They  consist  of  circular  brass  plates, 
the  bottom  ones  being  cemented  or  otherwise  fastened  into 
a  recess  in  the  end  cast  for  them ;  the  upper  plate  is  then 
placed  above, -and  1>oth  being  previously  ground  together, 
the  steam  cannot  enter  the  cylinder,  but  through  them  ; 
that  is  to  say,  wlien  the  holes  in  each  plate  are  placed  over 
«m|i  other^  the  valve  it  opeuj  and  when  otherwise  ahiit.  A 
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plate  covers  the  recesses  in  which  the  valves  work«  and 
may  either  be  cast  with  the  ends,  or  afterwards  bolted  and 
cemented  to  them ;  the  spaces  between  the  lids  and  the 
plates  form  circular  chambers;  and  have  each  three 
openings;  two  circular  ones,  large  enough  to  get  readily 
to  the  valves,  and  a  rectangular  one,  to  which  a  steam 
pipe  is  attached.  Bonnets  cover  the  circular,  holes,  which 
are  thicker  in  their  centres,  having  a  cylindric  hole  large 
enough  to  admit  smaller  bonnets  OO,  fig.  4^  to  be  placed 
therein.  Spindles,  previously  keyed  to  the  moving  plate 
of  the  valves,  are  brought  through  O  O  to  the  exterior 
of  the  lids.  These  valves  and  the  spindle  are  kept  steam- 
tight  by  the  screws  of  OO  being  turned  a  little  round, 
which  presses  the  bonnets^  OO,  in  the  first  instance,  upon 
the  enlarged  part  of  the  spindle,  (shown  at  fig.  4,)  and 
also  upon  the  face  of  the  fixed  valve  plate.  Small  cranks, 
88,  fig.  2,  are  attached  to  the  outer  ends  of  the  valve 
spindles,  w,bich  are  connected  to  the  gear,  99.  Upon  this 
gear  are  $xed  two  friction  sheaves,  which  being  acted 
upon  by  i\ke  cam  01,  at  proper  periods,  the  cranks,  and 
consequently  the  valves,  are  alternately  moved  to  and  fro 
by  the  revolution  of  the  axis,  e  e :  one  of  them  opening 
when  the  other  i^  closing,  and  vice  versa. 

33,  figs.  1  and  2,  are  two  cams,  one  half  of  which 
(namely,  from  4  to  5)  is  concentric  with  the  axis,  and 
the  other  part  is,  the  eccentric  or  cam  part,  by  which  the 
sliders  are  moved.  The  motion  is  produced  by  the  eccen- 
tric part  acting  on  the  sheaves,  o  o,  fig.  2,  and  moving 
them  to  and  from  the  axis.  The  smaller  sheaves,  pp,  run 
between  guides,  (see  the  dotted  lines,  fig.  72,)  which  pre- 
serve a  vertical  motion  to  the  rods  nn. 

The  holes,  through  which  the  steam  escapes,  and  is  ad- 
mitted, are  placed  as  near  the  slider  as  they  can  be  brought, 
and  are  shown,  for  the  purpose  of  illustration,  as  being  all 
in  one  lid,  at  fig.  3,  though,  as  has  been  previously  stated, 
there  are  two  in  each  lid.  The  effect,  however,  would  be 
the  same  were  they  as  represented  in  fig.  3,  and  therefore 
»his  mode  of  explanation  4vill  be  as  clearly  understood* 
13  Ifv 
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A  pipe  is  brought  round,  as  at  A,  fig.  2,  into  a  steam- 
ehest,  B,  fig,  I,  and  2,  in  which  latter  is  a  commoD  slide 
valve.  Into  this  steam-chest  the  steam  is  brought  froni 
the  boiler  by  the  pipe  C,  and  escapes  into  the  atmo- 
sphere or  condenser  by  the  pipe  D.  This  slide  valve,  and 
the  apparatus  connected  with  it,  are  for  the  purpose  of 
reversing  the  motion  of  the  engine. 

In  order  to  put  this  engine  in  operation,  steam  is  ad- 
mitted into  the  steam-chest  B,  when  the  slide  vaUe  u 
placed  in  such  a  position  as  to  allow  the  steam  to  enter 
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in  at  one  end,  and  escape  at  the  other;  or  in  other  words 
when  the  valves  6  and  7,  fig.  3,  are  the  induction  valves' 
and  14  and  15  the  eduction  valves;  and  when  the  piston 
and  sliders  are  in  the  position  shown  at  fig.  4.    The  valve, 
14,  is  then  open,  and  communicates  with  the  atmosphere  or 
condense!,  and  the  valve,  7,  with  the  boiler;  the  steam, 
therefore,  entering  through  7,  rushes  against  the  piston 
and  the  upper  slider,  which  becomes  the  abutment  against 
which  the  steam  exerts  its  force.     The  piston  recedes  from 
the  pressure  in  the  direction  of  the  arrow,  turning  with  it 
the  central  plate  x,  the  axis,  e  e^  the  cams,  3,  3,  and  the 
valve  cams,  01,  01.     As   the  shaft  turns,  therefore,  the 
cam  3,  fig.  2,  revolves,  and  the  cam  or  eccentric  part  gra- 
dually leaves  the  lower  rods,  n  «,  and  presents  the  can- 
centric  part  to  the  sheaves  of  the  said  rods.  Now  the  lower 
cross  head  being  pressed  upwards  by  the  counterbalance, 
£,  gradually  ascends  into  the  cylinder,  so  that  when  the 
point  4,  is  in  contact  with  the  sheaves  of  the  lower  rods 
n  »,  the  slider  has  then  reached  its  place  in  the  cylinder, 
being  nearly  in  contact  with  the  central  plate  F,  and  also 
upon  its  bearance  in  the  grooves  before-mentioned ;  the 
piston  will  be  then  at  the  point  G  of  the  cylinder,  and 
both  the  sliders  shut,  the  two  valves,  7  and  14,  only  being 
open.     Now,  as  the  piston  continues  to  revolve,  the  cams 
3  3  are  gradually  opening  the  upper  slider,  and  the  cams 
10  gradually  shutting  the  valve  14,  and  opening  the  valve 
15;  so  that  when  the  piston  reaches  the  valve  15,  the 
former  is  completely  shut,  and  the  latter  completely  open ; 
and  when  the  piston  reaches  the  upper  slider,  it  is  com- 
pletely withdrawn  from  the  cylinder,  and  thereby  allows 
the  piston  to  pass  it.     At  this  point,  the  steam  is  entering 
through  6,  and  escaping  through  15,  the  lower  slider  being 
then  the  abutment  upon  which  the  steam  acts.     After  the 
piston  has  piassed  the  upper  slider,  the  cam  3  allows  the 
piston  gradually  to  return  to  its  place  in  the  cylinder,  and 
after  the  piston  has  passed  the  valve  6,  that  valve  begins 
gradually  to  open,  and  the  valve  7  to  close.     Therefore, 
when  the  piston  has  reached  the  pipe  H,  the  upper  slider 
41  in  its  seat  in  the  cylinder,  the  valves  7  and  14  are  quite 


S92  E.  gaLloway^s  rotary  bngine. 

shut,  and  6  and  15  quite  open:  the  cam  4  then  begins  to 
give  motion  to  the  lower  slider,  as  before  described^  and 
the  cams  10  to  the  valves,  so  that  a  constant  rotation  of 
the  axis  is  kept  up. 

To  reverse  the  motion  of  this  engine,  the  sliding  valve 
in  the  steam-chest  is  moved  on  its  face,  so  that  the  valves  6 
and  7  become  the  eduction  valves,  and  14  and  .15  the  induc- 
tion valves.  Supposing  the  piston  therefore  in  the  position 
shewn  in  fig.  3,  and  the  steam  previously  entering  through 
t>  and  7,  and  escaping  through  14,  it  will  be  seen  that  if  6 
and  7  become  the  escape  valves,  and  14  and  15,  the  in- 
duction valves,  the  steam  from  the  boiler  will  then  rush 
through  14,  and  press  upon  the  piston,  and  so  drive  it  in  a 
direction  contrary  to  the  arrow,  whilst  the  steam,  before 
actuating  the  engine,  escapes  through  6  and  7,  which  being 
shut  and  opened  at  their  proper  time  by  the  cams  01,  keep , 
up  the  rotation  in  the  opposite  direction. 

The  difficulties  which  have  been  encountered  in  the 
construction  of  a  rotary  engine,  have  been  so  repeatedly 
enumerated  in  the  course  of  this  work,  that  it  would  be 
needless  to  repeat  them.  It  will  be  remembered  that 
great  friction,  leakage,  and  the  difficulty  of  maintaining 
the  packing  steam-tight,  have  been  generally  found  the 
great  obstacle  to  the  successful  adoption  of  such  engines. 
It  is  calculated  that  these  objections  have  been  removed 
by  the  author^s  patent  engine.  The  friction  has  been  re- 
duced in  a  very  great  degree,  compared  to  that  of  the 
reciprocating  engine,  the  greatest  being  caused  by  the  re- 
volution of  the  piston  and  shaft.  The  sliders  are  found 
t<»  cause  scarcely  any  friction,  as  they  are  only  moved, 
when  they  are  surrounded  on  every  side  by  the  same  me- 
dium; and  as  the  grooves  are  sufficiently  wide,  to  allow 
them  to  move  without  rubbing  against  their  sides,  the 
only  resistance  is  caused  by  the  rods  working  through  the 
t^tuffing  boxes.  The  valves  also  have  the  advantage  of 
being  only  in  motion,  when  they  are  surrounded  by  the 
same  medium,  and  consequently  the  wear  and  friction  are 
reduced  considerably  below  that  of  the  slide  of  a  common 
engine,  which  is  dnly  moved  when  under  a  pressure  of  steam. 
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The  leakage  is  found  to  be  considerably  less  than  the 
leakage  of  all  the  engines  on  this  principle  which  wb 
have  hitherto  seen.  This  superiority  arises  from  the  use 
of  the  compound  packing  in  the  piston,  by  which  a  great 
defect  in  metallic  pistons  has  been  obviated^  This  defect 
was  the  difficulty  of  making  the  metallic  pieces  which 
formed  the  packing,  of  an  equal  thickness,  and  of  bringing 
them  in  sufficiently  close  contact  with  the  plates  which 
enclose  them  :  for  it  will  be  seen,  that  unless  the  whole 
of  the  metallic  packing  were  of  a  uniform  thickness,  it 
would  not,  when  moved  out  of  the  situation  into  which  it 
was  at  first  fitted,  fit  so  closely  to  the  covering  plate,  and 
consequently  a  leakage  would  take  place.  By  the  im* 
proved  method,  however,  it  is  not  necessary  that  the  pack* 
ing  should  be  so  carefully  constructed,  because  the  elas* 
ticity  of  the  hempen  packing  would  make  up  for  any  little 
irregularity  in  the  metallic  part. 

The  sliders  are  found  also  to  be  much  less  liable  to 
leakage  than  the  abutment  of  other  rotary  engines.  This 
advantage  may  be  attributed  to  the  bearing  in  the  grooves 
being  inaccessible  to  the  piston,  or  any  other  part  of  the 
machine,  except  the  sliders  themselves,  and  consequently 
the  flat  surface  originally  given  to  them,  is  not  liable  to 
be  destroyed  by  wear,  which  is  the  case  with  those  engines 
which  have  leaves  or  flaps,  or  even  where  there  are  sliders 
which  do  not  rest  entirely  in  grooves,  as  in  the  present  in- 
stance^  It  is  found  also  that  these  sliders  do  not  wear  out 
of  form,  or  become  leaky ;  because,  owing  to  their  vertical 
motion  and  the  width  of  the  grooves,  they  can  hardly  be 
said  to  touch  the  sides  of  the  grooves  until  they  are  forced 
against  them  by  the  steam,  which  only  happens  when  they 
are  at  rest. 

Not  the  least  evil  with  which  the  makers  of  rotary  en- 
gines have  had  to  contend,  has  been  the  rapid  destruction 
of  those  parts  which  have  struck  each  other.  Now  this  is 
a  fanit  that  has  invariably  existed  in  all  the  engines  with 
leaves  or  sliders.  It  is  however  here  completely  obviated 
by  the  mode  of  bringing  the  sliders  to  rest;  for,  instead  of 
al)owin«[;  them  to  strike  the  central  plate,  a  cavity  is 
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formed  therein  at  the  part  where  the  slider  would,  but  for 
hat  cavity,  have  come  JD  contact  with  it.  The  slider 
therefore  can  neither  touch  the  bottom  of  the  grooves  in 
the  bosses,  nor  yet  the  central  plate;  the  external  cam* 
work  preventing  it  from  reaching  so  far  into  the  cylinder. 
The  edge  of  the  plate  and  the  slider  are  brought  into  con* 
tact  by  the  circular  part  of  the  former  gradually  intro- 
ducing itself  like  a  wedge  under  the  slider  after  it  is  at 
rest,  and  consequently  a  stroke  is  avoided. 

We  regret  to  state,  that  notwithstanding  the  advan- 
tages which  this  engine  was  expected  to  possess,  it  has 
hitherto  proved  an  unfortunate  speculation.     An  engine 
of  twelve  horse  power  was  constructed,  for  the  purpose 
of  working  a  steam  boat  on  the  river  Tyne,  which,  while 
it  was  in  operation,  promised   to  answer  all  the  pur- 
poses anticipated  from  it.      That  engine  has  been  since 
taken  out  of  the  boat,  and  an  engine  on  the  recipro- 
cating principle    substituted    for    it.      This    was    done 
whilst  the  inventor   was  in  London,  and  he   has  every 
reason  to  believe  that  unfair  means  were  adopted    by 
interested  parties  to  procure  its  removal.      True  it  is, 
that  almost  every  unfortunate  patentee  tells  his  story  of 
having  been  injured  by  malicious  workmen,  fickle  partners, 
or  exhausted  means ;    and  it  is  equally  true,  that  many 
instances  have  occurred  in  which  meritorious  inventions 
have  failed  from  those  causes.  We  however,  have  to  state, 
that  one  part  of  this  failure  was  attributable  to  imperfect 
workmanship,  which,  by  breakage,  occasioned  a  number  of 
unpleasant  and  tedious  delays,  and  another  part  to  a  mis- 
fortune which  all  experimentalists  should  avoid  ;  namely, 
that  the  engine  was  put  into  a  boat  belonging  to  a  party 
who  had  no  interest  in  the  success  of  the  machine.  The  con- 
sequence of  this  arrangement  was,  that  the  delay  and 
alterations  which  were  necessarily  attendant  on  a  new  in- 
vention, were  to  him  a  subject  of  serious  disappointment; 
and  therefore  there  is  strong  moral  evidence  to  suppose 
that  means  were  used  of  an  unfoir  description,  to  obtais 
the  removal  of  the  engine.  One  unfortunate  circumstance 
was,  that  the  proprietor  of  the  boat  used  various  means 
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to  harass  the  engineman  (who  was  placed  there  at  the  re« 
quest  of  the  inventor),  and  subsequently  induced  him  to 
abandon  his  cbarg^e.  A  person  was  then  substituted  for 
him,  who  was  not  only  unacquainted  with  the  principle  of 
this  engine,  but  who  was  also  perfectly  inexperienced  in 
the  management  of  any  engine  whatever ;  the  result  was, 
that  for  want  of  oiling  and  cleaning  the  joints,  the  exte* 
rior  apparatus  was  in  a  short  time  so  serionsly  injured, 
as  to  furnish  a  pretext  for  the  removal  of  the  engine  from 
the  boat. 

Notwithstanding  this  misfortune,  the  inventor  is  firmly 
convinced  of  the  superiority  of  his  rotary  engine  for  cer« 
tain  purposes,  over  the  reciprocating  principle ;  and  in  con« 
€rmation  of  this  he  has  to  state  the  fact  that  the  piston, 
sliders  and  valves,  were  not  in  any  degree  injured,  either 
by  the  fair  working  of  the  engine,  or  by  the  neglect  and 
improper  usage  to  which, they  were  subjected.  The  whole 
of  the  defects  lay  in  the  exterior  machinery,  and  princi- 
pally in  the  workmanship  of  the  condensing  apparatus, 
which  it  is  admitted  was  not  of  sufScient  strength  for 
the  purpose. 


SECOND  SECTION. 

ON  STEAM  NAVIGATION. 

Thb  idea  of  propelling  vessels  by  the  steam  engine 
appears  to  have  been  entertained  as  soon  as  that  machine 
had  its  existence.  Savery,Jn  his  Miner's  Friend,  men- 
tioned the  possibility  of  propelling  vessels  by  steam,  but 
never  attempted  to  carry  his  project  into  effect.  After 
the  introduction  of  Newcomen*s  engine,  various  attempts 
were  made  to  obtain  a  revolving  motion,  by  which  the 
engine  might  be  applied  to  machinery  in  general.  These 
chiefly  failed  from  defective  mechanism.  Among  such 
attempts  we  find  the  invention  o^Mr.  Jonathan  Hulls,  of 
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Liondon,  wbo,  in  1736,  took  out  a  patent  for  the  applica- 
tion of  the  crank  to  the  steam  engine,  by  which  addition 
he  purposed  ^^to  carry  vessels  or  ships  out  of  or  into  a 
harbour^  port,  or  river,  against  wind  or  tide,  or  in  a.<?alni/^ 

We  need  not  say  that  this  project  was  never  carried  into 
execution.  The  application  of  the  crank  to  the  single 
acting  engine  has  always  been  found  a  matter  of  great 
difficulty,  because  as  the  ascending  stroke  has  to  be 
effected  by  a  counter^balance,  an  immense  fly-wbeel  is 
necessary  to  produce  anything  like  regularity, ,  and  it 
would  be  absolutely  impossible  to  use  such  a  fly  wheel  in  a 
hoat.  Inconsequence  of  the  want  of  proper  machinery, 
Hull's  idea  fell  to.  the  ground,  and  indeed  was  so  com- 
pletely  forgotten,  that  Mr.  Watt  actually  took  out  a  patent 
for  the  application  of  the  crank  to  the  steam  engine. 

The  perfection  to  which. the  revolving  machinery  was 
brought  by  Mr.*  Watt,  and  others,  opened  the  way  to  the 
ready  application  of. steam  for  the  purposes  of  navigation, 
and  sundry  trials  were  made  in  various  parts,  but  more 
particularly  in  Scotland,  to  ascertain  the  practicability  of 
the  project.  Of  these  trials,  little  or  no  record  remains  ;  the 
earliest  successful  one  appears  to  have  been  made  on  the 
Forth  and  Clyde  Inland  Navigation,  in  the  year  1801,  by 
Mr.  Symington ;  but  this  steam  boat,  although  it  fully 
served  to  solve  the  problem,  was  unfortunately  laid  aside 
on  account  of  the  injury  sustained  by  the  banks  of  the 
Canal,  in  consequence  of  the  waves  which  Vere  raised  by 
the  stroke  of  the  paddles. 

It  appears  by  the  statement  of  the  ingenious  Mr. 
Oliver  Evans,  of  America,  whose  engine  is  described  at 
p«ge  141,  that, so  early  as  1785,  he  had  published  a  descrip- 
tion of  a  mode  of  driving  boats  by  steam. 
-  Untoward  circumstances  prevented  Mr.  Evans  from 
carrying  his  plan  inta  effect,  until  1804;  but  he  does,  in 
our  opinion,  fully-  establish  his  claim  to  the  first  contri* 
vance  of  ^a  practicable  steam  boat.  We  shall  insert  Mr. 
Evans's  own  account  of  the  commencement  and  progress 
of  his  ideas  and  experiments,  as  we  consider  them  suflS- 
ciently  important  to  merit  every  publicity. 
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^  About  the  year  1772,  being  then  apprenticed  to  a 
wheelwright,  I  laboured  to  discover  some  means  of  pro« 
pelling  land' carnages,  without  employing  animal  power. 
All  the  modes  that  have  since  been  tried,  (so  far  as  I  have 
heard  of  them,)  such  as  the  wind,  treadles  with  ratchet 
wheels,  cranks,  &c.  to  be  worked  by  men,  presented  them* 
selves  to  my  mind ;  but  were  considered  as  too  futile  to 
deserve  an  experiment :  and  I  concluded  that  such  motion 
was  impossible,  for  want  of  a  suitable  original  power. 

^^  But  one  of  my  brothers  informing  me,  on  a  Christmas 
evening,  that  he  had  that  day  been  in  company  with  a 
neighbouring  black  smith's  boy,  who,  for  amusement,  had 
stopped  up  the  touch-hole  of  a  gun-barrel,  then  put  into 
it  about  a  gill  of  water,  and  rammed  down  a  tight  wad- 
ding; after  which  they  put  the  breech-end  of  it  into  the 
smith's  fire,  when  it  discharged  itself  with  as  loud  a 
crack  as  if  it  had  been  loaded  with  gunpowder.  It  im- 
mediately occurred  to  me  that  there  was  a  power  capable 
of  propelling  any  waggon,  provided  that  I  could  ap« 
ply  it ;  and  I  set  myself  to  work  to  find  out  the  means 
of  doing  so.  I  laboured  for  some  time  without  success ;  at 
length,  a  book  fell  into  my  hands,  describing  the  old  at- 
mospheric engine.  I  was  astonished  to  observe  that  they 
had  so  far  erred  as  to  use  the  steam  only  to  form  a  vacuum^ 
to  apply  the  mere  pressure  of  the  atmosphere,  instead  of 
applying  the  elastic  power  of  the  steam,  for  original  mo- 
tion ;  a  power  which  I  supposed  was  irresistible.  I  re- 
newed my  studies  with  increased  ardour,  and  soon  declared 
that  I  could  make  steam  waggons,  and  endeavoured  to 
communicate  my  ideas  to  others  ;  but,  however  practica- 
ble the  thing  appeared  to  me,  my  object  only  excited  the 
ridicule  of  those  to  whom  it  was  known.  But  I  persevered 
in  my  belief,  and  confirmed  it  by  experiments  that  satis- 
fied me  of  its  reality. 

"  In  the  year  1786,  I  petitioned  the  legislature  of  Penn- 
sylvania, for  the  exclusifie  right  to  use  my  improvements 
in  flour-mills,  as  also  steam  waggons,  in  that  state.  The 
committee,  to  whom  the  petition  was  referred,  heard  me 
very  patiently,  while  I  described  the  mill  improvements  ; 
13.  2  Q 
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but  my  representations  concerning  steam  waggons  made 
them  think  me  insane.  They,  however,  reported  favour- 
ably respecting  my  improvements  in  the  manufacture  of 
flour;  and  passed  an  Act,  granting  me  the  exclusive  use  of 
them,  as  prayed  for.  This  was  in  March,  1787,  but  no 
notice  is  taken  of  the  steam  waggons. 

^^  A  similar  petition  was  also  presented  to  the  legisla- 
ture of  Maryland.  Mr.  Jesse  HoUingsworth,  from  Bal- 
timore, was  one  of  the  committee  appointed  to  hear  me, 
*and  report  on  the  case.  I  candidly  informed  this  committee 
of  the  fate  of  my  application  to  the  legislature  of  Penn- 
sylvania, respecting  the  steam  waggons,  declaring  at  the 
same  time,  without  the  encouragement  prayed  for  being 
granted  to  me,  that  I  would  never  attempt  to  make  them  ; 
but  that,  if  they  would  secure  to  me  the  right,  as  requested, 
I  would,  as  soon  as  I  could,  apply  the  principle  to  practice : 
and  I  explained  to  them  the  great  elastic  power  of  steam, 
as  well  as  my  mode  of  applying  it  to  propel  waggons.  Mr. 
HoUingsworth  very  prudently  observed,  that  the  grant 
could  injure  no  one;  for  he  did  not  think  that  any 
man  in  the  world  had  thought  of  such  a  thing  before  ;  he 
therefore  wished  the  encouragement  might  be  afforded,  as 
there  was  a  prospect  that  it  would  produce  something 
useful.  This  kind  of  argument  had  the  desired  effect ; 
and  a  favourable  report  was  made.  May  2l8t,  1787,  granting 
to  me,  my  heirs,  and  assigns,  for  14  years,  the  exclusive 
Tight  to  make  and  use  my  improvements  in  flour  mills,  and 
the  steam  waggons,  in  that  State.  From  that  period  I 
have  felt  myself  bound  in  honour  to  the  State  of  Mary- 
land, to  produce  a  steam  waggon  as  soon  as  I  could  con- 
veniently do  it. 

'^  In  the  year  1789, 1  paid  a  visit  to  Benjamin  Chandler 
and  Sons,  clock-m\ikers,  men  celebrated  for  their  inge* 
nuity,  with  a  view  to  induce  them  to  join  me  in  the  ex- 
pense and  profits  of  the  project ;  I  showed  to  them  my 
drawings,  with  the  plan  cf  the  QPgine,  and  explained  the 
expansive  power  of  steaiu  ;  all  of  which  they  appeared 
to  understand  ;  but,  fearful  of  the  expense  and  difficulties 
attending  it,  declined  the  concern.    However,  they  certi- 
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fied  that  I  had  shown  them  the  drawings,  and  explained 
the  powers  of  high-pressure  steam,  &c. 

*^  In  the  same  year  I  went  to  Ellicott's  mills,  on  the 
Patapses,  near  Baltimore,  for  the  purpose  of  endeavour- 
ing to  persuade  Messrs.  Jonathan  Ellicott  and  Brothers, 
and  their  connexions,  (who  were  equally  famous  for 
their  ingenuity,)  to  join  me  in  the  expense  and  profits  of 
making  and  using  steam  waggons.  I  also  showed  them  my 
drawings,  and  minutely  explained  to  them  the  powers  of 
steam ;  they  appeared  fully  to  comprehend  all  I  said ;  and, 
in  return,  informed  me  of  some  experiments  they  them- 
selves had  made;  one  of  which  they  showed  me.  They 
placed  a  gun-barrel,  having  a  hollow  arm,  and  a  small 
hole  on  one  side,  at  the  end  of  the  arm,  similar  to  Barker's 
rotary  tube  mill :  a  little  water  being  put  into  this  barrel, 
and  fire  applied  to  the  breech  of  it,  the  steam  issued  from 
the  hole  in  the  end  of  the  arni  with  such  force,  as,  by  re- 
action, to  cause  the  machine  to  revolve,  as  I  judged,  about 
one  thousand  times  in  a  minute,  for  the  space  of  about 
five  minutes,  and  with  a  considerable  force  for  so  small  a 
machine.  I  tarried  here  a  few  days,  (May  10th  and  11th, 
1789,)  using  my  best  efforts  to  convince  them  of  the  possi- 
bility and  practicability  of  propelling  waggons,  on  good 
turnpike  roads,  by  the  elastic  power  of  steam.  But  they 
also  feared  the  expense  and  difficulty  of  the  execution, 
and  declined  the  proposition.  Yet  they  highly  esteemed 
my  improvements  in  the  manufacture  of  flour,  and 
adopted  them  in  their  mills,  as  well  as  recommended  them 
to  others. 

''  In  the  same  year  I  communicated  my  project,  and  ex- 
plained my  principles,  to  Levi  Hollingsworth,  Esq.  now  a 
merchant  in  Baltimore.  He  appeared  to  understand  them ; 
but  also  declined  a  partnership  in  the  scheme,  for  the  same 
reasons  as  the  former  persons. 

'^  From  the  time  of  my  discovering  the  principles,  and 
the  means  of  applying  them  to  use,  I  often  endeavoured 
to  communicate  them  to  those  I  believed  might  be  in- 
terested in  their  application  to  waggons  or  boats;  but 
very  few  could  understand  my  explanations,  and  I  could 
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find  no  one  willing^  to  risk  the  expense  of  the  expert- 
nient. 

"  In  the  year  1785,  or  1786,  before  I  had  petitioned  the 
legislature,  I   fell  into  company  with  Mr.  Samuel  Jack- 
son, of  Redstone ;  and  learning  of  him  that  he  resided  on 
the  Western  Waters,  I  endeavoured  to  impress  upon  his 
mind    the  great   utility    and  high   importance  of  steam 
boats  to  be  impelled  on  those  waters;  telling  him  that  I 
had  discovered  a  steam  engine  so  powerful,  according  to 
its   weight,   that  it  would,   by   means  of  paddle-wheels 
(which  I  described  to  him),  readily  drive  a  vessel  against 
the  current  of  those  waters,  with  so  great  a  speed  as  to  be 
highly  beneficial.   Mr.  Jackson  proves  that  he  understood 
me  well ;  for  he  has  lately  written  letters,  declaring  that, 
about  twenty-six  years  before  their  date,  1  described  to 
him  the  principles  of  the  steam  engine,  which  I  have  since 
put  into  operation  to  drive  mills,  which  he  has  seen ;  and 
that  I  also  explained  to  him  my  plan  for  propelling  boats 
hy  my   steam  engine  with  paddle-wheels^  describing    the 
very  kind  of  wheels  now  used  for  this  purpose;  and  that 
I  then  declared  to  him  my  intention  to  apply  my  engine 
to  this  particular  object^  as  soon  as  my  pecuniary  circum-' 
stances  would  permit. 

'^  In  the  year  1800,  or  1801,  never  having  found  a  per- 
son willing  to  contribute  to  the  expense,  or  even  to  encou- 
rage me  to  risk  it  myself,  it  occurred  to  me  that,  althoug|i 
1  was  then  in  full  health,  I  might  be  suddenly  carried  off 
by  the  yellow  fever,  that  had  so  often  visited  our  city 
(Philadelphia),  or  by  some  other  disease  or  casualty,  to 
which  all  are  liable;  and  that  I  had  not  yet  discharged 
my  debt  of  honour  to  the  state  of  Maryland,  by  produciug 
the  steam  waggons ;  I  determined,  therefore,  tp  set  to  work 
the  next  day,  to  construct  one.  I  first  waited  upon  Robert 
Patterson,  Esq.  professor  of  mathematics  in  the  university 
of  Pennsylvania,  and  explained  to  him  my  principles,  as  I 
also  did  to  Mr.  Charles  Taylor,  steam  engineer,  from  Eng- 
land. They  both  declared  these  principles  to  be  new  to 
them,  and  highly  worthy  of  a  fair  experiment;  advising 
nie  without  delay  to  prove  them,  in  hopes  that  1  might 
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produce  a  more  simple,  cheap,  and  powerful  steam  engine, 
than  any  in  use*  These  gentlemen  were  the  only  persons 
who  had  such  confidence,  or  afforded  me  such  advice.  1 
also  communicated  my  plans  to  B.  H.  Latrobe,  Esq.  at 
the  same  time,  who  publicly  pronounced  them  chimerical, 
and  attempted  to  demonstrate  the  absurdity  of  my  prin« 
ciples,  in  his  Report  to  the  Philosophical  Society  ot 
Pennsylvania,  on  steam  engines ;  in  which  report  he  also 
attempts  to  shew  the  impossibility  of  making  steam  boats 
useful,  on  account  of  the  weight  of  the  engine,  and  I  was 
one  of  the  persons  alluded  to  as  being  seized  with  the 
steam  mania,  in  conceiving  that  waggons  and  boats  could 
be  propelled  by  steam  engines.  The  liberality  of  the 
members  of  the  society  caused  them  to  reject  that  part  of 
his  report  which  he  designed  to  be  demonstrative  of  the 
absurdity  of  my  principles ;  saying,  they  had  no  right  to 
set  up  their  opinions  as  a  stumbling-block  in  the  road  of 
any  exertions  to  make  a  discovery.  They  said  I  might 
produce  something  useful,  and  ordered  it  to  be  struck  out. 
What  a  pity  they  did  not  also  reject  his  demonstrations 
respecting  steam  boats  !  for,  notwithstanding  them,  they 
have  run,  are  now  running,  and  will  run  ;  so  has  my  en- 
gine and  all  its  principles  succeeded ;  and  so  will  land- 
carriages,  as  soon  as  these  principles  are  applied  to  them. 

'^  In  consequence  of  the  determination  above  alluded 
to,  I  hired  workmen  and  went  to  work  to  make  a  steam 
waggon,  and  had  made  considerable  progress  in  the  un- 
dertaking, when  the  thought  struck  me>  that,  as  my  steam 
engine  was  entirely  different  in  form,  as  well  as  in  its 
principles,  from  all  others  in  use,  I  could  obtain  a  patent 
for  it  and  apply  it  to  mills,  more  profitably  than  to  wag>- 
gons ;  for,  until  now,  I  apprehended  that,  as  steam  mills 
had  been  used  in  England,  I  could  only  obtain  a  patent 
for  waggons  and  boats.  I  stopped  the  work  immediately, 
and  discharged  my  hands,  until  I  could  arrange  my  engine 
for  mills  ;  having  laid  aside  the  steam  waggon  for  a  time 
of  more  leisure. 

'^  Two  weeks  afterwards  I  commenced  the  construction 
of  a  small  engine,  for  a.  mill  to  grind  plaster  of  Paris. 
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The  cylinder  six  inches  in  diameter,  and  the  stroke  of  the 
piston  eighteen  inches,  believing  that,  with  one  thousand 
dollars,  I  could  fully  try  the  experiment.  But,  before  I 
had  done  with  experiments,  I  found  that  I  had  expended 
three  thousand  seven  hundred  dollars — all  that  I  could 
command !  I  had  now  to  begin  the  world  anew?  at  the  age 
of  forty-eight,  with  a  large  family  to  support.  I  had  cal- 
culated that  if  I  failed  in  my  experiment,  the  credit  I  had 
acquired  would  be  entirely  lost,  and,  without  money  or 
credit,  at  my  advanced  age,  with  many  heavy  incum- 
brances, my  way  through  life  appeared  dark  and  gloomy 
indeed !  But  I  succeeded  perfectly  with  my  little  engine, 
and  preserved  my  credit.  I  could  break  and  grind  900 
bushels  of  plaster  of  Paris,  or  12  tons,  in  twenty-four 
hours ;  and  to  show  its  operation  more  fully  to  the  public, 
I  applied  it  to  saw  stone,  in  Market-street,  where  the 
driving  of  twelve  saws  in  heavy  frames,  sawing  at  the  ra^p 
of  100  ft.  of  marble  in  twelve  hours,  made  a  great  show, 
and  excited  much  attention.  I  thought  this  was  sufficient 
to  convince  the  thousands  of  spectators  of  the  utility  of 
my  discovery  ;  but  I  frequently  heard  them  inquire  if  the 
power  could  be  applied  to  saw  timber,  as  well  as  stone,  to 
grind  grain,  propel  boats,  &c. ;  and  though  I  answered  in 
the  affirmative,  I  found  they  still  doubted.  I  therefore 
determined  to  apply  my  engine  to  many  new  use^  and  to 
introduce  it  and  them  to  the  public  notice. 

^^  This  experiment  completely  tested  the  correctness 
of  my  principles,  agreeably  to  my  most  sanguine  hopes. 
The  power  of  my  engine  increased  in  a  geometrical  pro- 
portion, while  the  consumption  of  fuel  had  only  an  arith- 
metical ratio;  and  in  such  proportion  that  every  time  I 
added  one  fourth  to  the  consumption  of  fuel,  the  power 
of  the  engine  was  double;  and  that  twice  the  quantity  of 
fuel  required  to  drive  one  saw,  would  drive  sixteen  saws 
at  least ;  for,  when  I  drove  two  saws,  the  consumption 
was  eight  bushels  of  pit  coal  in  twelve  hours;  but  when 
twelve  saws  were  driven,  the  consumption  was  not 
more  than  ten  bushels ;  so  that  the  more  we  resist  the 
steam,  the  greater  is  the  effect  of  the  engine.    On  these 
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principles  very  light  but  powerful  engines  can  be  made, 
suitable  for  propelling  boats  and  land  carriages,  without 
the  great  incumbrance  of  their  own  weight,  as  mentioned 
in  Mr.  Latrobe^s  demonstrations.  In  the  year  1804,  I 
constructed  at  my  works,  situated  a  mile  and  a  half  from 
the  water,  by  order  of  the  Board  of  Health  of  the  city  of 
Philadelphia,  a  machine  for  cleansing  docks.  It  con- 
sisted of  a  large  flat  or  lighter,  with  a  steam  engine  of  the 
power  of  five  horses  on  board,  to  work  machinery  to  raise 
the  mud  into  lighters.  This  was  a  fine  opportunity  to 
show  the  public  that  my  engine  could  propel  both  land 
and  water-carriages,  and  I  resolved  to  do  it.  When  the 
work  was  finished,  I  put  wheels  under  it,  and  though  it 
was  equal  in  weight  to  two  hundred  barrels  of  flour,  and 
the  wheels  were  fixed  on  wooden  axle-trees  for  this  tem- 
porary purpose  in  a  very  rough  manner,  and  attended 
with  great  friction,  of  course,  yet  with  this  small  engine, 
I  transported  my  great  burthen  to  the  Schuylkill  with 
ease ;  and  when  it  was  launched  into  the  water,  I  fixed  a 
paddle  wheel  at  the  stern,  and  drove  it  down  the  Schuyl- 
kill to  the  Delaware,  and  up  the  Delaware  to  the  city  ; 
leaving  all  the  vessels  going  up  behind  me,  at  lea»t  half 
way^  the  wind  being  a-head. 

^^  Some  wise  men  undertook  to  ridicule  my  experiment 
of  propelling  this  great  weight  on  land,  because  the  mo- 
tion  was  too  slow  to  be  useful.  I  silenced  them  by  answer- 
ing, that  I  would  make  a  carriage  to  be  propelled  by 
steam,  for  a  bet  of  three  hundred  dollars,  to  run  upon  a 
level  road  against  the  swiftest  horse  they  could  produce. 
I  was  then  as  confident  as  I  am  now,  that  such  a  velocity 
could  be  given  to  carriages. 

'^  Having  no  doubt  of  the  great  utility  of  steam  car- 
riages on  turnpike  roads,  with  proper  arrangements  for 
supplying  them  with  water  and  fuel ;  and  believing  that 
all  turnpike  companies  were  deeply  interested  in  carrying 
them  into  operation,  because  they  would  smooth  and  mend 
the  roads  instead  of  injuring  them,  as  the  narrow  wheels 
do ;  on  the  26th  of  September,  1804,  I  submitted  to  the 
consideration  of  the   Lancaster  Turnpike  Company,  n 
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statement  of  the  cost  and  profits  of  a  steam  carriage,  to 
carry  one  hundred  barrels  of  flour,  fifty  miles  in  twenty- 
four  hours ;  tending  to  show,  that  one  such  steam  carriage 
would  make  more  net  profits  than  ten  waggons  drawn  by 
five  horses  each,  on  a  good  turnpike  road ;  and  offering 
to  build  such  a  carriage  at  a  very  low  price.  My  address 
closed  as  follows : — 

^^  ^It  is  too  much  for  an  individual  to  put  in  operation 
^  every  improvement  which  he  may  invent.  I  have  no 
^  doubt  but  that  my  engines  will  propel  boats  against  the 
^  current  of  the  Mississippi,  and  carriages  on  turnpike  roads 
'  with  great  profit ;  I  now  call  upon  those  whose  interest 
^  it  is  to  carry  this  invention  into  effect.'  In  the  year  1805, 
I  published  a  work  describing  the  principles  of  my  steam 
engine,  with  directions  for  working  it,  when  applied  to 
propel  boats  against  the  current  of  the  Mississippi  and 
carriages  on  turnpike  roads.  And  I  am  still  willing  to 
make  a  steam  carriage  that  will  run  fifteen  miles  an  hour 
on  good  level  railways,  on  condition  that  I  have  double 
price  if  it  shall  run  with  that  velocity ;  and  nothing  at 
all  for  it,  if  it  shall  not  come  up  to  that  speed.  What  can 
an  inventor  do  more,  than  to  insure  the  performance  of 
his  inventions  ?  or  1  will  make  the  engine  and  apparatus 
at  a  fair  price,  and  warrant  its  utility  for  the  purpose  of 
conveying  heavy  burthens  on  good  turnpike  roads.  I  feel 
it  just  todeclare,  that  with  Mr.  Latrobe  I  myself  believed, 
that  with  the  ponderous  and  feeble  steam  engine  now  used 
in  boats,  they  never  could  be  made  useful  in  competition 
with  sailing  boats,  or  to  ascend  the  Mississippi ;  believing 
the  current  of  that  river  to  be  more  powerful  than  it  is. 
But  I  rejoice,  that  with  him  I  have  been  mistaken ;  for  I 
have  lived  to  see  boats  succeed  well  with  those  engines, 
and  I  still  hope  to  see  them  so  completely  excelled  and 
out-ran  by  using  my  engine,  as  to  induce  the  proprietors 
to  exchange  the  old  for  the  new,  more  cheap,  and  powerful 
engines. 

'^  I  have  been  highly  delighted  in  reading  a  correspond- 
ence between  John  Stevens,  Esq.  and  the  commissioners 
appointed  by  the  legislature  of  New  York,  for  fixing  upon 
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the  site  of  the  new  canal,  proposed  to  be  cut  in  that  State. 
Mr.  Stevens  has  taken  a  most  comprehensive  and  very  inge- 
nious view  of  this  important  subject ;  and  his  plan  of  rail- 
ways for  the  carriages  to  run  upon,  removes  all  the  difii* 
culties  that  remain  to  be  overcome.  I  had  the  pleasure 
also  of  hearing  gentlemen  of  the  keenest  penetration  and 
of  great  mechanical  and  philosophical  talents,  freely  give 
into  the  belief,  (hat  steam  carriages  will  become  very 
useful. 

^^Mr.  John  Ellicbt  (of  John),  proposed  to  make  roads 
of  substances,  such  as  the  best  turnpike  roads  are  made 
with,  with  a  path  for  each  wheel  to  run  on,  and  having  a 
railway  on  posts  in  the  middle  to  guide  the  tongue  of  the 
^^ggoiiy  &nd  to  prevent  any  other  carriage  from  travell« 
ing  upon  it.  Then,  if  the  wheels  were  made  broad  and 
the  paths  smooth,  there  would  be  very  little  wear  ;  such 
roads  might  be  cheaply  made,  they  would  last  a  longtime, 
and  require  very  little  repair ;  and  they  ought  to  be  pre- 
ferred in  the  first  instance  to  those  proposed  by  Mr. 
Stevens  ;  as  two  ways  could  be  made  in  some  parts  of  the 
country,  for  the  same  expense  as  one  could  be  made  with 
wooden  rails ;  but  either  of  the  modes  would  answer  the 
purpose,  and  the  carriages  might  travel  by  night  as  well 
as  by  day.  When  we  reflect  upon  the  obstinate  oppo- 
sition that  has  constantly  been  made  by  a  great  majority, 
to  every  step  to  improvement,  from  bad  roads  to  turnpike 
roads,  from  turnpike  roads  to  canals,  and  from  canals  to' 
railways  for  horse  carriages ;  it  is  too  much  to  expect, 
that  the  prodigibus  leap  from  bad  roads  to  railways  for 
steam  carriages,  will  be  made  at  once  ;  one  step  in  a  ge- 
neration is  all  that  we  can  hope  for.  If  the  present  gene- 
ration shall  adopt  canals,  the  next  may  try  the  railways 
with  horses,  and  the  third  generation  may  use  the  steam 
carriages. 

^^  But  why  may  not  the  present  generation,  who  have 
already  good  turnpike  r<«ads,  make  the  experiment  ol' 
using  steam  carriages  upon  them  ?  They  will,  assuredly, 
effect  the  movement  of  heavy  burdens,  with  a  slow  motion 
of  two  and  a  half  miles  an  hour;  and,  as  their  progress 
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need  not  be  interrupted,  ihey  may  travel  fifty  or  sixty 
miles  in  the  twenty-four  hours.  This  is  all  that  I  hope  to 
see  in  my  time  ;  and  though  I  never  expect  to  be  concerned 
in  any  business,  requiring  the  regular  transportation  of 
heavy  burdens  on  land  ;  because,  if  I  am  connected  in  the 
affairs  of  a  mill,  it  shall  be  driven  by  steam^  and  be  placed 
on  some  navio^able  water,  to  save  land  carriage;  yet  I 
certainly  intend,  as  soon  as  I  can  make  it  convenient,  to 
build  a  steam  carriage,  that  will  run  on  good  turnpike 
roads,  on  my  own  account,  if  no  other  person  will  engage 
in  it ;  and  I  verily  believe  that  the  time  will  come  when 
carriages,  propelled  by  steam,  will  be  in  general  use,  as 
well  for  the  transportation  of  passengers  as  goods ; 
travelling  at  the  rate  of  15  miles  an  hour,  or  300  miles  a 
day  ! 

'^  It  appears  necessary  to  give  the  reader  some  idea  of  the 
principles  of  the  steam  engine  which  is  to  produce  such 
new  and  singular  effects ;  and  this  I  will  endeavour  to  do 
in  as  few  words  as  I  can,  by  showing  the  extent  to  which 
the  principles  are  already  applied. 

'^  To  make  steam  as  irresistible  or  powerful  as  gunpow- 
der, we  have  only  to  confine  it,  and  to  increase  the  heut 
by  adding  fuel  to  the  boiler.  A  steam  engine,  with  a 
working  cylinder,  only  nine  inches  in  diameter,  and  the 
stroke  of  the  piston  three  feet,  will  exert  a  power  suffi- 
cient to  lift  from  3000  to  10,000  lbs;  perpendicularly,  two 
and  a  half  miles  per  hour.  This  power,  applied  to  propel 
a  carriage  on  level  roads  or  railways,  would  drive  a  very 
great  weight  with  much  velocity,  before  the  friction  upon 
the  axletrees,  or  the  resistance  of  the  atmosphere  would 
balance  it. 

^'This  is  not  speculative  theory.  The  principles  are 
now  in  practice,  driving  a  saw-mill,  9i  Manchacks,  on  the 
Mississippi;  two  at  Natchez,  one  ot  >T&ich  is  capable  of 
sawing  5000  feet  of  boards  in  twelve  hours;  a  mill  at 
Pittsburgh,  able  to  grind  twenty  bushels  of  grain  per  hour ; 
one  at  Marrietta,  of  equal  power ;  one  at  fjexington, 
(Kentucky,)  of  the  same  power;  one  a  paper-mill,  of  the 
same  power;  one,  of  one  fourth  the  power,  at  Pittsburgh  ; 
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one  at  the  same  place,  of  three  and  a  half  times  the  power, 
for  a  forge,  and  for  rolling  and  slitting  iron ;  one  of  the 
power  of  24  horses,  atMiddletown,  (Connecticut,)  driving 
the  machinery  of  a  cloth  manufactory ;  two  at  Philadelphia, 
of  the  power  of  five  or  six  horses;  and  many  making  for 
different  purposes ;  the  principles  applying  to  all  cases 
where  power  is  wanted  to  drive  machinery." 

No  experiment  of  importance  after  Mr.  Symington^s,  in 
1801,  or  Mr.  Evans's,  in  1804,  appears  to  have  been  tried 
either  in  Great  Britain,  or  America,  until  the  celebrated 
American  Engineer,  Mr.  Robert  Fulton,  constructed  a 
steam  boat,  which  was  launched  at  New  York,  on  Octo- 
ber 3d,  1807,  and  began  to  ply  between  New  York  and 
Albany,  a  distance  of  144  miles.  In  1812,  a  boat  called  the 
Comet,  was  tried  on  the  Clyde.  Shortly  afterwards,  Mr. 
Theodore  Lawrence,  of  Bristol,  constructed  a  steam  boat, 
which  he  tried  on  the  Avon,  and  finding  it  successful,  pro- 
ceeded with  her  through  the  canals,  to  the  Thames;  but,  in 
consequence  of  some  of  the  bye-laws  of  the  Watermen's 
Company,  he  was  prevented  from  using  her  profitably,  and 
under  the  necessity  of  returning  her  to  the  Avon.  After 
this,  steam  boats  were  tried  on  various  rivers,  both  in  Eng- 
land and  Scotland,  with  different  success.  These  were 
generally,  as  may  be  naturally  concluded,  of  a  very  imper- 
fect construction.  The  speculation  being  then  extremely 
hazardous,  old  boats,  and  in  some  cases  old  engines,  were 
adopted.  The  consequence  of  which  was,  the  first  experi- 
ments just  so  far  proved  the  advantage  of  steam  naviga- 
tion,  as  to  warrant  other  parties  to  construct  superior  ves- 
sels and  engines,  and  thereby  reap  the  profit. 

The  construction  of  the  engines  resembled  each  other 
pretty  nearly,  in  the  last  experiments  ;  they  being  generally 
beam  engines,  the  beam  working  above  the  deck,  and  hav- 
ing an  erection  for  the  purpose  of  covering  the  machinery, 
which  was  of  necessity  above  the  level  of  the  deck.  The 
main  difl^erence  appears  to  have  been  in  the  mode  of  ap- 
plying the  force  of  the  engine  on  the  water.  The  common 
oar,  although  the  best  application  of  power,  where  it  can 
be  instantly  removed  when  necessary,  could  not,  from  the 
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great  breadth  which  it  would  occupy,  be  used  in  a  steam 
veiweh  For  this  reason  we  find  that  a  variety  of  plans 
have  been  published  for  effecting  this  object.  One  method 
was  by  a  species  of  folding  oar,  which  opened  outward^ 
when  it  was  moved  towards  the  stern,  but  which  folded 
into  a  smaller  space  by  the  reversed  motion ;  also  by  a 
species  of  screw,  which  being  entirely  immersed  in  water, 
raised  the  water  and  discharged  it  behind  the  stern.  These, 
i^nd  a  variety  of  other  plans,  however,  were  all  found  infe- 
rior to  the  common  paddle  wheel,  which  (on  account  of 
the  simple  mode  by  which  it  may  be  attached  to  the  machi- 
nery^  vm  well  as  its  combining  strength  and  compactness,) 
is  now  universally  preferred  for  giving  motion  to  steam 
vessels.  A  variety  of  modifications  have  been  tried,  by 
which  the  loss  arising  from  the  back  water  (that  is,  the 
water  which  is  lifted  as  the  paddles  rise,)  could  be  avoided. 
We  shall  offer  no  apology  for  in^ertiqg  sotpe  of  the  me- 
thods by  which  this  difficulty  has  been  proposed  to  be  re- 
I  luodied.  A  trial  was  made  in  America,  of  a  species  of 
screw,  which  was  placed  at  the  head  or  stern  of  the  vessel, 
and  completely  immersed  in  water,  the  spindle  extending 
in  the  line  of  the  vessel ;  this  was,  after  a  considerable  trial, 
laid  aside  ;  but  the  reasons  of  its  failure  we  cannot  ascer- 
tain. It  appears  probable,  that  if  the  screw  wereconstructed 
with  only  one  revolution,  that  it  might  be  applied  in  small 
boats  with  advantage.  Various  attempts  have  likewise 
been  made  to  give  motion  to  the  boat  by  means  of  paddles 
attached  to  chains,  which  pass  over  two  drums  placed  on 
the  sides  of  a  vessel,  as  represented  in  the  drawing,  by  wkicli 
it  was  expected^  that  the  effect  would  be  considerably  in- 
creased  by  the  Quinb^  of  paddles  which  were  acting  vpoa 
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the  water  at  the  same  time.  It  was  however  found  on 
trial  that  the  great  friction  of  the  chains,  together  with  the 
number  of  parts,  which  were  exposed  to  injury,  prevented 
their  successful  adoption. 

Another  method,  upon  a  somewhat  similar  principle,  is 
represented  in  the  accompanying  figure*  The  cranks  a  a,  are 


moved  by  the  engine,  and  turn  with  them  the  horizontal  bar, 
to  which  are  fixed  the  vertical  paddles.  By  this  method,  all 
the  paddles  are  immersed  in  the  water  in  a  vertical  position, 
and  raised  out  of  it,  in  the  like  manner;  but  although  the 
back  water  is  avoided  by  this  method,  yet  it  is  obvious  that 
another  difficulty  is  encountered,  of  a  more  formidable  na- 
ture ;  which  is,  that  the  motion  of  the  paddles  in  entering, 
is  exceedingly  slow,  and  probably  slower  than  the  speed  at 
which  the  vessel  passes  through  the  water;  so  that,  unless 
the  speed  be  too  great,  when  the  paddles  move  at  their 
greatest  velocity,  namely,  when  the  cranks  are  vertical, 
they  must  at  entering,  and  leaving  the  water,  considerably 
impede  the  motion  of  the  boat. 

A  method  of  keeping  the  paddles  vertical,  during  the 
revolution,  is  described  by  Mr.  Robertson  Buchanan,  in 
his  *' Treatise  on  propelling  vessels  by  steam,"  which  he 
thus  explains. 

^'  If  two  equal  rings  or  circular  lines  in  the  same  plane, 
or  in  planes  parallel  to  each  other,  be  conceived  to  revolve 
each  upon  its  respective  centre  in  its  own  plane,  with  one 
and  the  same  uniform  velocity,  and  in  the  same  direction 
with  regard  to  parts  of  the  rings,  or  lines  alike  situated, 
and  anv  point  be  taken  in  one  of  the  lines  or  rings,  and  a 
right  line  be  drawn  from  that  point,  parallel  to  a  line 
supposed  to  join  the  centres,  until  it  meets  the  other  ring 
or  circle,  then  the  right  line  so  drawn,   will  be  eqmil  to 
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the  line  of  distance  between  the  centres,  and  will  continue 
equal  and  parallel  to  that  line  of  distance,  during  the 
whole  of  every  revolution  so  made." 


s  ^ 


The  dotted  circle  and  the  black  circle  in  the  accompany- 
ing figure,  denote  the  rings  or  circles  mentioned  in  the 
theorem,  and  Y  and  X  denote  their  centres ;  and  the  lines 
1  a,  parallel  to  and  equal  to  X  Y,  the  line  of  distance  of 
the  centres,  will  continue  equal  and  parallel  to  that  line 
of  distance,  in  the  positions  2c,  and  3  6,  and  4  jf,  and  in 
all  other  positions  into  which  the  point  1,  can  be  brought, 
during  the  uniform,  equal  and  similarly  directed  revolu- 
tions of  the  two  circles. 

It  will  be  evident  upon  a  little  inspection,  that  this  paddle 
wheel  of  Mr.  Buchanan's  is  liable  to  the  objections  stated 
to  exist  against  the  last-described  apparatus,  namely,  that  of 
impeding  the  speed  of  the  boat,  by  its  comparatively  slow 
motion,  on  entering  and  leaving  the  water.  This  fault, 
together  with  that  of  great  complexity,  and  consequent 
liability  to  breakage,  must  we  fear  preclude  its  successful 
adoption. 

After  the  great  number  of  attempts  to  improve  the  con- 
struction of  the  paddle-wheel,  it  is  with  some  degree  of 
hesitation  that  we  submit  a  project  of  our  own,  which, 
we  cannot  help  thinking,  will  retain  all  the  advantages  of 
the  present  paddle,  and  at  the  same  time  considerably 
reduce  the  quantity  of  back  water. 
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The  principle  may  be  thus  explained : — the  paddle  wheel 
it)  composed  of  wrought  iron  hoops  and  arms,  in  the  usual 
manner ;  the  paddle,  instead  of  extending  the  whole  breadth 
of  the  wheel,  is  divided  into  three  pieces,  which  are  attached 
to  cross  bars,  not  in  the  same  line,  but  the  two  exterior 
pieces  placed  a  little  behind  the  middle  piece.  It  will  be 
seen  that  such  a  paddle  will,  when  immersed  in  the  m^ter, 
produce  nearly  the  same  effect  as  if  it  were  all  in  one 
piece ;  because  the  same  quantity  of  surface  is  in  both  acting 
upon  the  water,  but  in  rising  out  of  the  water  it  will  be 
evident  that  much  greater  facility  is  afforded  by  the  divi- 
ded paddle  for  the  water  to  run  off,  and  consequently  the 
wheel  will  be  divested  of  a  considerable  portion  of  its 
back  water. 

The  United  Kingdom  Steam  Packet  is  one  of  the  largest 
which  has  been  erected  in  this  kingdom,  and  is  of  1000 
tons  burthen.  She  plies  regularly  between  London  and 
Leith,  performing  the  voyage  in  from  40  to  50  hours.  She 
measures  148  feet  in  the  keel,  and  the  breadth  of  her  beam 
is  45  feet.  The  accommodations  for  passengers  are  of  the 
most  elegant  and  convenient  description.  She  is  propelled 
by  two  engines  of  100  horse  power  each,  (constructed  by 
Mr.  Napier,  of  Glasgow)  which  are  considered  as  specimens 
of  very  superior  workmanship.  As  these  sorts  of  engines 
very  nearly  resemble  each  other,  we  have  selected  those 
of  this  vessel  as  illustrations  of  the  mode  in  which  steam 
boat  engines  are  constructed. 

The  boiler,  figs.  3, 4,  and  5,  which  is  of  wrought  iron,  is 
25  feet  6  inches  in  length,  19  feet  in  breadth,  and  8  feet 
6  inches  in  height.  There  are  eight  rectangular  tubes  b  6, 
running  the  lengthway  of  the  boiler.  The  fire  is  placed 
in  the  upper  part  of  each  of  these,  upon  the  bars  c,  in  the 
section.  At  the  farther  end  of  the  tubes  is  a  transverse 
one  dj  extending  the  whole  breadth  of  the  boiler,  which 
communicates  with  every  one  of  the  tubes,  containing  the 
fire,  at  each  end  of  d.  On  the  top,  a  return  tube  e  e,  carries 
off  the  smoke  and  fire  into  another  transverse  tube/,  out 
of  the  centre  of  which  the  chimney  g  rises.  The  cocks 
h  h  h  are  for  ascertaining  the  height  of  water  in   the 
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boiler ;  bat  in  this  boiler  a  very  ingenious  mode  is  used^ 
by  which  the  necessity  of  the  cocks  A  is  dispensed  with. 
There  are  two  cocks  1 1,  which  are  placed  the  one  consider- 
ably  above,  and  the  other  as  much  below,  the  assumed 
level  of  the  water ;  these  cocks  communicate  with  a  vertical 
tube  of  glass  J,  of  sufficient  strength  to  endure  the  force 
of  the  steam.  On  the  cocks  i  t,  being  opened,  water  enters 
into  the  lower  cock,  and  steam  into  the  upper  one,  and  the 
pressure  being  the  same  in  the  boiler,  the  water  stands 
at  the  same  level,  and  thereby  indicates  at  all  times 
whether  it  be  too  high  or  too  low,  in  the  boiler. 

In  the  subjoined  engraving,  fig.  1,  represents  an  end  view 
of  the  two  engines,  and  fig.  2,  a  side  view  of  one  of  them.  The 
letters  refer  to  the  same  parts  in  each.  The  cylinders  a  a, 
are  of  cast  iron,  and  fixed  to  a  framing,  which  is  bolted  to 
the  bottom  of  the  boat.  The  piston  rods  6  6,  are  keyed 
at  the  upper  ends,  to  the  cross  heads  c  c,  to  the  exterior 
ends  of  which  are  attached  the  connecting  rods  d  d. 
The  lower  ends  of  these  connecting  rods  are  inserted  in 
the  forked  end  of  the  beams  e€,  which  vibrate  upon  a 
shaft^  the  bearances  of  which  rest  upon  the  top  of  the 
condenser  g.  In  the  same  forks  are  inserted  the  ends  of 
other  connecting  rods  h  A,  which  are  keyed  at  their  upper 
ends  to  cross  heads  it.  In  the  centre  of  these  cross-heads 
arebusheslargeenoughto  receive  the  rodsjy,  which  extend 
to  the  crank  pins  of  the  cranks  k  k.  These  cranks  are  fixed 
to  the  main  shaft,  which  rests  upon  the  bearances  I  /,  upon 
the  arches  m,  which  are  bolted  to  the  cross  beam,  as  at  n. 
The  shafts  are  shewn  as  broken  off  at  the  outer  ends,  but 
they  extend  to  the  outside  of  the  paddle  wheel. 

The  side  beams  e  6,  are  not  straight,  but  have  two 
bends,  represented  by  the  lighter  parts  of  the  shading,  the 
ends  near  the  cylinder  being  therefore  much  farther  apart 
than  the  opposite  ends,  so  that  they  may  take  up  as  little 
room  as  possible,  by  laying  close  to  the  respective  parts  of 
the  machinery.  They  are  also  forked  at  the  end  nearest 
the  air  pump  o,  so  as  to  admit  the  insertion  of  the  pump 
rods  p,  which  are  connected  at  their  upper  ends  to  the 
crofls-head  g,  in  a  bush,  in  the  centre  of  which  is  keyed  the 
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air-pump  rod  r.  Connecting  rods  «,  are  attached  at  ty  to 
the  side  beams  e^  and  at  their  upper  ends  to  cross-heads, 
which  are  connected  as  at  uu  (fig.  1)  to  two  rods,  which 
work  the  plungers  of  two  feed  pumps  v,  for  supplying  the 
boiler. 

j  is  the  apparatus  for  blowing  through,  preFious  to 
starting  the  engine.  It  consists  of  a  cock,  which  opens  or 
closes  a  communication  between  the  steam  chest  and  con- 
denser, by  turning  the  handle. 

The  rod  and  lever  «,  are  for  the  purpose  of  regulating 
the  quantity  of  injection  water,  which  enters  into  the  con- 
denser, by  a  pipe  from  the  outside  of  the  vessel,  and  can 
be  increased  and  lessened  in  quantity,  by  turning  a  cock, 
to  which  the  rod  x  is  attached,  y  is  the  hot  well, 
into  which  the  condensing  water  is  discharged  from  the  air 
pump.  The  feed  pumps  are  supplied  with  water  from 
this  hot  well,  through  the  medium  of  a  pipe,  the  overplus 
being  discharged  through  the  side  of  the  vessel,  by 
another  pipe  which  is  not  seen. 

In  the  steam  chest  1,  is  contained  the  sliding  valve.  For 
the  purpose  of  explaining  its  principle,  we  shall  here  in- 
troduce a  separate  diagram,  which  may  be  taken  as  a 
representation  of  the  best  form  in  which  it  is  constructed, 
though  it  varies  somewhat  in  its  relative  position  from  that 
of  the  engine  we  now  describe.  The  cylinder  a  in  the 
following  figure  has  two  apertures  b  c,  at  top  and  bottom, 
to  which  are  bolted  and  cemented  the  upright  pipe  cf,  hav- 
ing near  its  centre,  or  in  any  other  convenient  part,  a 
broad  face  represented  at  6,  in  which  are  three  oblong 
holes,  the  upper  one  running  into  the  cylinder,  through  6, 
and  the  lower  one  into  the  cylinder  through  c.  The  mid- 
dle one  communicates  with  a  separate  recess  A,  to  which  is 
attached  a  pipe,  which  forms  a  communication  with  the 
condenser.  The  steam  chest/,  is  a  rectangular  box  of 
cast  iron,  and  has  a  pipe  attached  to  it  from  the  boiler ;  this 
chest  is  covered  over,  and  made  steam-tight  by  a  lid  g 
screwed  to  it.  On  the  upper  side  of  the  steam  chest  is  a 
fitufiing  box,  through  which  passes  a  turned  rod  for  work- 
ing the  sliding  valve  A,  which  is  represented  in  section. 
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This  valve  has  a  flat  face,  neatly  ground  to  the  surface  e, 
sufficient  to  cover  two  of  the  holes  of  e,  and  twice  the 
breadth  of  any  one  of  the  surfaces  intervening  between 
any  of  the  holes  in  e.  The  valve  is  raised  into  a  box, 
from  its  open  interior  part,  being  of  sufficient  dimensions 
to  cover,  as  in  its  present  situation,  two  of  the  passages  e, 
and  leave  open  a  third,  the  bottom  one  in  the  present  in- 
stance being  open. 

If  steam  were  admitted  into  the  steam  chest,  whilst  the 
valve  was  in  its  present  position,  it  could  only  enter  into 
the  cylinder  through  c,  and  consequently  would  cause  the 
piston  to  ascend,  whilst  the  air  above  it  would  be  dis- 
charged through  by  and  the  open  part  of  the  valve,  and  bo 
into  the  condenser ;  but  suppose  that  the  valve  be  depressed 
so  as  to  cover  the  middle  and  lowest  holes,  then  the  steam 
from  the  boiler  would  have  free  communication  with  the 
upper  side  of  the  piston,  through  6,  which  it  would  con- 
sequently force  downwards,  whilst  the  steam  used  in  the 
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ascending  stroke  would  be  discharged  into  the  condenser^ 
through  the  interior  of  the  sliding  valve ;  so  that  by  chang- 
ing the  situation  of  the  valve,  the  piston  may  be  made  to 
ascend  or  descend  at  pleasure. 

The  mode  by  which  the  valves  in  the  engine  before- 
mentioned  are  worked,  is  by  eccentrics  on  the  main  shaft, 
which  work  cranks ;  a  spindle  extends  across  between  the 
supporting  columns,  in  the  centre  of  which  is  another 
crank,  which  gives  motion  to  a  slide  rod,  through  the 
medium  of  two  other  rods. 

The  piston  rods  and  cross-heads  preserve  their  vertical 
motion,  by  horizontal  bars,  having  adjustable  brasses  on 
their  outer  ends,  fitted  to  the  columns,  upon  which  they 
work  smoothly  up  and  down. 

The  framing  of  the  two  engines  is  bound  together  by 
eight  bars  meeting  together  in  the  ball  10,  upon  the  top 
of  which  is  fixed  a  lamp  11. 

It  appears  that  20  cwt.  of  Weyms  Coal,  per  hour,  are 
necessary  to  keep  this  engine  going,  and  consequently  her 
average  consumption  is  about  45  tons  for  each  voyage. 

It  appears  that  the  Americans  have  brought  steam  navi- 
gation nearer  to  a  state  of  perfection  than  ourselves,  not  only 
in  their  machinery,  but  in  the  style  of  fitting«up,  and  the 
accommodations  for  passengers.  By  a  private  letter  from 
America,  we  are  informed  that  ^^  The  Independence  Steam 
Boat  has  run  between  New  Tork  and  Albany,  a  distance 
of  144  miles,  in  11|  hours.  The  New  Philadelphia  has 
performed  the  same  voyage  frequently,  in  11  hours  and  50 
minutes.  They  start  at  six  o'clock  in  the  morning,  and  sail 
up  the  Hudson  River,  landing  passengers  in  Albany  (after 
stopping  at  ten  or  twelve  places)  at  six  in  the  evening.  The 
accommodations  are  superb,  and  the  provisions  such  as  to 
gratify  an  epicure;  the  dining  room  of  the  North 
America  is  about  150  feet  in  length  ;  she  will  dine  from 
700  to  1000  passengers.  The  floors  are  covered  with  the 
most  elegant  Brussels  carpet.  The  curtains  are  of  silk 
damask,  the  ornamental  work  richly  carved ;  the  room  de- 
corated with  works  of  celebrated  artists.  The  fare,  includ- 
ing three  meals,  is  only  four  dollars.*' 


watt's  SVOOBSTION 


THIRD  SECTION. 


ON  STEAM  CARRIAGES. 

Certain  problems  have  been  entertained  regarding  the 
power  of  the  steam  engine,  which  have  been  coeval  with 
its  existence.  We  have  seen  its  earliest  inventor  anticipat- 
ing its  application  to  the  driving  of  vessels  at  sea,  and  we 
also  find  its  great  improver  calculating,  with  certainty,  on 
its  capability  of  propelling  carriages  on  the  land.  As  far 
as  the  bare  discovery  goes,  Savery  and  Watt  are  the  par- 
ties to  whom  the  credit  of  being  the  inventor  of  each  of 
these  curious  applications  of  steam  should  be  awarded ; 
only  that  by  such  an  award  we  should  dispense  an  equal 
praise  to  the  dreamer,  who  has  also  built  his  castles  in  the 
air,  and  anticipated  that  we  should  navigate  it,  with  the 
same  ease  that  we  now  traverse  the  water ;  because,  at  the 
time  when  each  of  these  projects  were  suggested,  the  diffi- 
culties against  their  execution  were  as  many,  and  appa- 
rently as  insurmountable.  Mr.  Savery  merely  hints  that 
^'  hb  engine  might  be  very  useful  in  ships,  but  that  he 
dares  not  meddle  with  the  matter ;  and  leaves  it  to  the  judg- 
ment of  those  who  are  the  best  judges  of  maritian  affairs." 
Mr.  Watt  only  mentions,  in  one  of  his  specifications,  that 
his  engine  was  applicable  to  the  purposes  of  loco-motion. 
But  Mr.  Watt's  project  was  published  at  a  time  when  his 
engine  was  quite  incapable  of  effecting  this  end,  being 
encumbered  with  an  enormous  mass  of  heavy  machinery, 
and  when  he  entertained  a  perfect  horror  at  working  his 
engines  without  a  condenser.  We  have  seen  that  great, 
if  not  insurmountable  difficulties  are  overcome  by  the 
simple  apparatus  of  a  high-pressure  engine ;  but  how  a  con- 
densing engine  would  have  succeeded,  when  encumbered 
with  its  load  of  condensing  apparatus  and  water,  requires 
no  very  extraordinary  discernment  to  discover. 

Notwithstanding  the  impracticability  of  his  plan,  at 
that  time  of  day,  Mr.  Watt  is  described  as  the  inventor  of 
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the  steam  carriage ;  and  the  decision  would  have  been  the 
same^  had  Mr.  Watt  never  published  one  single  idea 
beyond  that  relating  to  travelling  by  steam ;  for  this  has 
ever  been  the  way  of  the  world  !  An  obscure  projector 
mentions  the  possibility  of  effecting  an  important  improve- 
ment in  art — he,  with  his  project,  perishes,  and  is  forgotten. 
In  the  course  of  time,  a  mighty  genius  rises,  the  Newton  of 
his  day,  and  boldly  vanquishes  the  difficulties  from  which 
his  predecessors  have  shrunk,  and  brings  the  desired  ob- 
ject into  successful  operation.  The  world  wonders  at  the 
discovery ;  and  is  surprised  that  so  simple  a  thing  has  never 
been  conceived  before.  It  inquires  whether  no  previous  at- 
tempts have  been  made  at  so  beneficial  a  speculation,  and 
in  this  inquiry,  the  worm-eaten  pamphlet  of  the  projector  is 
handed  from  the  shelves  of  the  curious,  and  the  well-earned 
wreath  is  wrested  from  the  brow  of  him,  who,  by  sacrifice 
and  perseverance,  has  attained  this  object,  to  be  placed  on 
his,  who  never  went  one  step  in  its  prosecution.  This 
has  been  the  case  in  every  branch  of  science  and  art, 
where  human  genius  could  be  exerted,  but  in  the  steam 
engine  more  particularly  so.  Scarcely  had  Mr.  Savery 
succeeded  in  constructing  his  engine,  than  forthwith  it  is 
discovered  that  it  is  a  mere  copy  of  the  Marquess  of  Wor- 
cester's, and  that  he  (Savery),  forsooth,  had  bought  up 
and  burnt,  for  the  better  concealment  of  the  fact,  every 
copy  of  that  book  of  quackery  and  folly,  ^^  77^  Century  of 
Inventions.^*  This  had  hardly  been  settled,  before  the 
merit  awarded  to  the  Marquess  is  disputed  by  twenty  com- 
petitors, and  the  laurel,  which  should  have  remained  with 
Savery,  is  torn  in  pieces  in  the  dispute.  These  and  innu- 
merable instances  may  be  given  of  the  unjust  decisions  of 
society,  and  in  consequence  there  has  not  been  one  meri- 
torious application  of  steam,  the  invention  of  which  has 
not  been  contended  for.  The  reason  is  this,  that  the  mere 
observer  does  not  distinguish  the  wide  difference  between 
merely  guessing  at  what  may  be  done^  and  what,  by  patient 
perseverance  and  immense  expenditure,  has  been  actually 
effected.  In  mechanics,  as  in  poetry,  there  is  no  such  thing 
as  a  new  idea.     In  both,  it  is  the  arrangement,  and  the 
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novelty  of  combination,  in  which  the  merit  consists ; — the 
turning  of  the  commonest  and  most  ordinary  materials  to 
a  new  and  beneficial  purpose. 

We  are  willing,  therefore,  to  give  Mr.  Watt  the  credit 
of  having  first  suggested  a  steam  carriage,  but  nothing 
more.  We  have  had  occasion  to  regret,  in  the  course  of  this 
work,  that  the  brilliancy  of  that  gentleman's  otherwise 
splendid  career,  has  been  somewhat  eclipsed  by  a  studied 
obscurity,  and  in  many  cases  an  unjust  monopoly.  This  is 
not  only  inconsistent  with  the  innate  honesty  of  true 
genius,  but  was  in  his  case  unnecessary  and  injurious. 
The  talents  of  Mr.  Watt  needed  not  such  a  protection ; 
the  wonderful  powers  of  his  mind  enabled  him,  in  every 
branch  of  his  profession,  to  outstrip  all  his  cotemporaries ; 
and  that  law  which  stipulates  that  a  man  shall  fully  pub- 
lish his  invention,  in  return  for  a  limited  monopoly,  might 
have  been  in  justice  to  himself  complied  with,  to  the  letter. 

An  instance  we  shall  give  of  Mr.  Watt's  feeling  on  this 
subject.  Mr.  Matthew  Murray,  of  Leeds,  made  some  most 
important  improvements  in  the  steam  engine ;  among 
other  things^  the  sliding  valve,  which  is  allowed  to  be  one 
of  the  most  valuable  additions  to  the  steam  engine,  and 
now  in  common  use.  These  were  admitted  by  Mr.  Watt 
to  be  valuable  improvements;  but,  because  some  of  the 
combinations  of  Mr.  Murray's  engines,  bore  a  trifling  re- 
semblance to  the  engine  which  was  professed  to  be  descri- 
bed in  the  obscure  patent  of  1768,  (which  has  been  gene- 
rally allowed  to  explain  nothing,)  Mr.Watt  obtained  a  writ 
o(  scire  facias^  by  which  Mr.  Murray's  patent  was  set  aside. 

It  was  probably  from  the  same  disposition  to  monopoly 
that  we  find  almost  every  possible  application  of  the  steam 
engine  claimed  in  the  specifications  of  Mr.  Watt.  The 
high-pressure  engine,  the  application  of  oils,  fats,  resinous 
bodies,  quicksilver,  &c.  &c.  to  the  piston;  regulators 
out  of  number,  governors,  cranks,  many  rotary  engines, 
together  with  steam  carriages,  and  a  variety  of  other 
modifications  of  the  engine;  few  of  which,  we  venture  to 
say,  are  sufliciently  intelligible  to  enable  others  to  con- 
struct them  according  to  the  intention  of  the  Patentee. 
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We  have  made  these  remarks  in  this  place,  in  order  to 
set  at  rest  the  title  of  Mr.  Watt  to  the  invention  of  steam 
carriages.  And  taking  for  our  rule,  that  the  party  who  first 
attempted  to  put  them  in  practice,  by  mechanical  arrange- 
ments of  his  own,  is  entitled  to  the  reputation  of  being 
their  inventor — Mr.  Oliver  Evans,  of  America,  (named 
in  the  preceding  section,  as  one  of  the  earliest  promoters 
of  steam  navigation,)  appears  to  Us  to  be  the  person  to 
whom  that  honour  is  due. 

The  particulars  of  Mr.  Evanses  experiments  are  ex- 
tremely interesting,  and  explain,  with  much  clearness  and 
evident  sincerity,  the  circumstances  which  led  to  the  pro- 
secution of  his  scheme,  which  was  carried  into  effect  in 
the  year  1804. 

Messrs.  Trevithick  and  Vivian'*s  patent  of  I80S,  describes 
a  steam  carriage,  for  the  purpose  of  travelling  on  the 
common  road.  The  carriage  resembles  in  form  the  com- 
mon stage-coach;  an  iron  frame,  containing  the  boiler  and 
cylinder,  is  placed  behind  the  carriage;  the  cylinder  is 
likewise  horizontal.  Our  readers  will  readily  see  the  ap- 
plication of  the  apparatus  to  the  wheels  by  a  cranked  axle* 
On  both  ends  of  the  axle,  cog-wheels  are  fixed,  by  which 
means,  when  the  axle  is  made  to  revolve,  it  communicates 
its  motion  to  the  hinder  and  larger  wheels  of  the  carriage. 
The  machine  has  a  fly-wheel,  to  preserve  the  regularity 
of  the  motion :  means  are  also  provided  for  throwing  any 
of  the  wheels  out  of  gear,  by  which  a  turn  cau  be  made 
without  difficulty. 

This  engine  was  not  put  into  operation  until  1805,  when 
Mr.  Trevithick  had  an  opportunity  of  proving  its  utility 
upon  the  Merthyr  Tydvil  Rail-road,  South  Wales.  The 
engine  had  a  cylinder  of  8  inches  diameter,  and  a  stroke 
of  4  ft.  6  inc.  in  length,  and  drew  after  it  upon  the  raiUroad 
as  many  carriages  as  carried  ten  tons  of  bar  iron,  from  a 
distance  of  nine  miles,  which  it  performed  without  any 
supply  of  water  to  that  contained  in  the  boiler  at  the 
time  of  setting  out,  travelling  at  the  rate  of  five  miles 
an  hour. 

It  appears  that  the  more  general  adoption  of  this 
14.  2  T 
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tnacliine  was  prevented  by  a  fear  that  ibe  wheels  would 
not  adhere  sufficiently  to  the  surface  over  which  it 
passed,  but  that  tbey  would  slip  round  without  pro* 
ducing  loco-motion,  when  any  considerable  load  was  at- 
tached to  the  machine.  To  obviate  this  imagined  diffi- 
culty, Mr.  Blenkinsop,  of  Middleton  Colliery,  near  I^eds, 
c-btained  a  patent,  in  1811,  for  the  application  of  a  rack  or 
toothed  rail,  laid  down  on  one  side  of  the  railway  from 
end  to  end.  Into  this  rack  a  toothed  wheel  is  worked  by 
the  steam  eng^ine :  the  revolution  of  which  wheel  produces 
the  necessary  motion,  without  any  of  the  slipping  alluded  to. 
The  accompanying  figure  will  convey  to  our  readers  an 
idea  of  Mr.  Blenkinsop's  plan.  The  boiler  x  is  placed 
on  a  wooden  or  cast-iron  frame  y.  Through  its  interior 
passes  a  wrought-iron  tube  of  sufficient  diameter  to  hold 
the  Are  and  grate;  this  tube  is  carried  out  at  Ibe  farthrr 
Mid  of  the  boiler,  when  it  is  bent  upwards  and  continued 
siifTiciently  high   to  form  the  chimney  z.     a  a  are  two 
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working  cylinders  fixed  in  the  boiler,  and  which  work  in 
the  usual  way;  the  piston  rods  are  connected  by  cross 
beads  to  the  connecting  rods  b  b.  These  connecting  rods 
are  brought  down  on  each  side  of  the  boiler,  and  there 
joined  to  the  cranks  c  c,  (there  being  corresponding  cranks 
on  the  other  side  of  the  machine)  which  are  placed  at 
right  angles  to  each  other,  consequently  the  two  cranks 
on  the  first  shaft  are  horizontal  and  at  their  greatest  power, 
at  the  time  the  other  two  are  passing  the  centre.  Upon 
these  shafts  are  fixed  (under  the  boiler)  two  small  toothed 
wheels,  which  give  motion  to  a  larger  toothed  wheel  e, 
fixed  upon  a  third  axle.  A  toothed  wheel,  f^  is  firmly 
keyed  to  the  end  of  the  central  axle,  and  revolves  with 
the  wheel  e.  The  teeth  off  correspond  with,  and  work 
into  a  rack,  R  R,  stretched  along  one  side  of  the  railway. 
Motion,  therefore,  is  given  by  the  pistons  to  the  wheels 
d dy  which  they  communicate  to  the  wheel  /by  e:  a  pro- 
gressive movement  is  given  to  the  carriage  by  the  teeth 
of/ taking  hold  of  the  rack. 

By  this  means  the  load  can  be  drawn  up  a  greater  ac- 
clivity than  by  the  machine  of  Messrs.  Trevithick  and 
Vivian,  the  only  objection  being  that  the  power  ib'  applied 
on  one  side  only,  which  must  have  a  tendency  to  force  the 
flanges  or  projecting  rims  of  the  supporting  wheels,  against 
the  edges  of  the  rails,  by  which  an  extra  friction  would  be 
produced.  This,  however,  is  a  trifling  inconvenience,  and 
is  not  found  in  practice  to  deduct  much  from  the  effect  of 
the  engines,  several  of  which  have,  since  the  date  of  the 
patent,  been  in  constant  use  in  drawing  coal  waggons  be- 
tween Middleton  Colliery  and  Leeds. 

In  the  year  1813,  Mr.  William  Brunton,  of  Butterly 
Iron  Works,  also  obtained  a  patent  for  a  mode  of  giving 
motion  to  carriages  by  a  very  novel  contrivance. 

The  present  engraving  represents  this  Loco-motive 
Engine,  which  he  terms  his  ^^  mechanical  traveller  J*'' 
'^  The  boiler  was  nearly  similar  to  that  of  Mr.  BIenkinsop*H 
semi-circular  {circular);  there  was  a  tube  passing  through 
it,  to  contain  the  fuel."  The  cylinder  A  was  placed  on 
one  side  of  the  boiler;  the  piston-rod   is  projected  out 
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behind  borizonUlIy,  and  is  attached  to  the  leg  a  ft,  at  a, 
and  to  the  reciprocating  lever  a  c,  which  is  fixed  at  e/  at 
the  lower  extremity  of  the  leg  a  b,  feet  are  attached  by  a 
joint  at  ft;  these  feet  lay  a  firmer  hold  Dpon  the  ground, 
being  famished  with  short  prongs,  which  prevent  them 
from  slipping,  and  are  sufficiently  broad  to  prevent  their 
injuring  the  road. 


(Brunlon's  "Mechanical  Traveller"  1813.) 
On  inspecting  the  drawing,  it  will  be  seen,  that  when  the 
piston-rod  is  projected  out  from  the  cylinder,  it  will  tend 
to  push  the  end  of  the  lever  or  leg  a  from  it,  in  a  directioa 
parallel  to  the  line  of  the  cylinder;  but  as  the  leg  a  bis 
prevented  from  moving  backwards,  by  the  end  ft  being 
firmly  fixed  upon  the  ground,  the  re-action  is  thrown  upon 
the  carriage,  and  a  progressive  motion  given  to  it,  and  this 
will  be  continued  to  the  end  of  the  stroke.  Upon  the 
reciprocating  line  a  c  is  fixed  at  I,  a  rod,  I,  2, 3,  sliding 
horizontally  backwards  and  forwards  upon  the  top  of  th" 
boiler;  from  2  to  3  it  is  furnished  with  teeth,  which  wor^ 
into  a  cog-wheel,  lying  horizontally;  on  the  opposite  side 
of  this  cog-wheel  a  sliding  rack  is  fixed,  similar,  to  1,  9,3, 
which,  as  the  cog-wheel  is  turned  round  by  the  sliding 
rack,  2,  3  k  also  moved  backwards  and  forwards.  The 
end  of  this  sliding  rod  is  fixed  upon  the  reciprocating 
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l<*ver  d  Cy  of  the  leg  d  €,  at  4.  When,  therefore,  the  sliding 
rack  is  moved  forwards  io  the  direction  3,  2, 1,  by  the 
progressive  motion  of  the  engine,  the  opposite  rod,  4,  is 
moved  in  the  contrary  direction,  and  the  leg  cf  e  is  thereby 
drawn  towards  the  engine ;  and,  when  the  piston  rod  is  at 
the  farthest  extremity  of  the  stroke,  the  leg  d  e  will  be 
brought  close  to  the  engine;  the  piston  is  then  made  to 
return  in  the  opposite  direction,  moving  with  it  the  leg 
a  fr,  and  also  the  sliding  rack  1,  2,  3;  the  sliding  rack  act- 
ing on  the  toothed  wheel,  causes  the  other  sliding  rod  to 
move  in  the  contrary  direction,  and  with  it  the  leg  d  e. 
Whenever,  therefore,  the  piston  is  at  the  extremity  of  the 
stroke,  and  one  of  the  legs  is  no  longer  of  use  to  propel 
the  engine  forward,  the  other,  immediately  on  the  motion 
of  the  piston  being  changed,  is  ready  in  its  turn,  to  act  as 
a  fulcrum  or  abutment  for  the  action  of  the  moving  power^ 
to  secure  the  continual  progressive  motion  of  the  engine. 

The  feet  are  raised  from  the  ground  during  the  return 
of  the  legs  towards  the  engine,  by  straps  of  leather  or  rope 
fastened  to  the  legs  ^tff,  passing  over  friction  sheeves, 
moveable  in  one  direction  only,  by  a  ratchet  and  catch, 
worked  by  the  motion  of  the  engine.  The  feet  are  de« 
scribed  of  various  forms  in  the  specification,  the  great  ob- 
ject being  to  prevent  them  from  injuring  the  road,  and  to 
obtain  a  firm  footing,  that  no  jerks  should  take  place  at 
the  return  of  the  stroke,  when  the  action  of  the  engine 
came  upon  them ;  for  this  purpose  they  were  made  broad, 
with  short  spikes  to  lay  hold  of  the  ground.* 

The  next  attempt  we  find  to  produce  a  loco-motive 
steam  engine  is  in  the  patent  of  Messrs.  Dodd  and  Ste- 
phenson, of  Newcastle  upon  Tyne.  The  patent  was  dated 
February  28,  1815,  and  consisted  of  the  application  of  a 
pin  upon  one  of  the  spokes  of  the  wheels  that  supported 
the  engine,  by  which  it  traveUed  upon  the  rail-road,  the 
lower  end  of  the  connecting  rod  being  attached  to  it  by 
what  is  termed  a  ball  and  socket  joint;  the  other  end  of 
the  connecting  rod  being  attached  to  the  cross-beam, 
worked  up  and  down  by  the  piston. 


*  Wood  on  Hail-roadii. 
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a  b  represeoty  the  connecting  rod,  the  end  a  attached 
to  ihe  cross-beam,  and  the  end  b  to  one  of  the  spokes  of 
the  wheel ;  in  like  manner  the  end  d,  of  the  connecting 
rod  c  d,  is  attached  to  the  beam  of  the  other  piston,  and  A 
and  c  to  a  pin  fixed  in  the  spokes  of  the  wheel  B.  By 
these  means,  ihe  reciprocating  motion  of  the  piston  and 
connecting  rod  is  converted,  by  the  pin  upon  the  spokes 
acting  as  a  crank,  into  a  rotary  motion,  and  Ihe  continua- 
tion of  this  motion  secured  by  the  one  pin  or  crank  being 
kept  at  right  angles  to  the  other,  as  shewn  in  the  drawing. 

To  effect  this,  the  patentees  had  two  methods ;  to  crank 
Ihe  axle  on  which  each  of  the  wheels  were  fixed,  with  a 
connecting  rod  between,  to  keep  them  always  at  ihe  an^le, 
with  respect  to  each  other;  or  to  use  a  peculiar  sort  of 
endless  chain,  passing  over  a  toothed  wheel  on  rnch  nxlc 
This  endless  chain  consisted  at  first  of  one  brond  und  two 
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narrow  links,  alternately  fastened  together  at  the  ends 
with  bolts  ;  the  two  narrow  links  were  always  on  the  out- 
side of  the  broad  link ;  consequently,  the  distance  they 
were  separated  laterally  would  be  equal  to  the  breadth  of 
the  broad  link,  which  was  generally  about  two  inches,  and 
their  length  three  inches.  The  periphery  of  the  wheels 
fixed  upon  the  axles  of  the  engine,  were  furnished  with 
cogs,  projecting  from  the  rim  of  the  wheels,  (otherwise 
perfectly  circular  and  flat)  about  an  inch  or  one  and  a 
half  inch.  When  the  wheel  turned  round,  these  project- 
ing cogs  entered  between  the  two  narrow  links,  having  a 
broad  link  between  every  two  cogs,  resting  on  the  rim  of 
the  wheel ;  these  cogs,  or  projections,  caused  the  chain  to 
move  round  with  the  wheel,  and  completely  prevented  it 
from  slipping  round  upon  the  rim.  When,  therefore,  this 
chain  was  laid  upon  the  two  toothed  wheels,  one  wheel 
could  not  be  moved  round  without  the  other  moving 
round  with  it ;  and  thus  secured  the  proper  angles  to  the 
two  cranks. 

This  mode  of  communicating  the  action  of  the  engine^ 
from  one  wheel  to  another,  is  shown  in  the  drawing;  the 
wheels  A  and  B  having  each  projecting  Cog-wheels,  round 
which  the  endless  chain  passes.  This  contrivance  entirely 
superseded  the  use  of  the  cog-wheels,  and  were  without 
the  jolts  or  jerks  iucident  to  them;  for,  when  the  chain 
got  worn  by  frequent  use,  or  was  stretched,  so  as  to  be- 
come too  long,  one  of  the  chains  of  the  axles  could  be 
moved  back  to  tighten  it  again,  until  a  link  could  be  taken 
out,  when  the  chain  was  moved  back  again  to  its  former 
situation. 

It  will  be  seen  from  this  description  that  Messrs.  Dodd 
and  Co.'s  improvement  consisted,  therefore,  of  a  renova- 
tion of  Trevithick's  plan  of  propulsion  by  the  mere  fric- 
tion produced  by  the  contact  of  the  wheel  and  rail.  The 
only  material  difference  between  the  two  plans  being  in 
the  using  of  two  cylinders  instead  of  one,  and  in  the 
method  of  connecting  the  axles  so  as  to  cause  the  cranks 
to  continue  working  at  right  angles  to  each  other.  The 
purpose  of  this,  it  will  be  understood,  was,  that  when  the 
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one  crank  was  what  is  called  passing  the  centre,  the  other 
was  at  its  greatest  power,  and  consequently  aided  the 
former  in  its  revolution,  when  for  want  of  a  fly-wheel  it 
would  have  to  stop  in  that  situation.  It  would  appear 
however  that  this  plan  was  found  insufficient  to  produce 
a  proper  effect,  for  we  find  that  Mr.  Stephenson,  in  con- 
junction with  Mr.  Losh,  procured  a  second  patent  in  1816, 
for  some  improvements  upon  it.  These  improvements 
consisted  in  the  application  of  steam  cylinders  placed 
under  the  boiler  and  upon  the  axles  of  the  wheels :  into 
which  were  inserted  pistons,  the  rods  of  which  were  at- 
tached to  bearings  wherein  the  axles  worked.  These 
pistons  being  acted  upon  by  the  steam  in  the  boiler,  per- 
formed the  part  of  springs,  and  served  the  double  purpose 
of  keeping  all  the  wheels  pressed  upon  the  rails,  (when, 
owing  to  any  undulations,  there  would  otherwise  have 
been  a  tendency  in  the  carriage  to  have  rested  only  on 
three,  or  perhaps  in  some  instances  on  but  two  of  the 
wheels,)  and  of  preventing  any  material  injury  to  the 
machinery  by  jolts.  The  drawing  which  we  use  for  ex- 
planation is  the  same  as  Dodd  and  Co.^s,  and  shews  six 
wheels,  but  by  trial  it  has  been  found  that  four  were  quite 
sufficient. 

The  patentees  state,  that — <<in  what  relates  to  the 
loco-motive  engines,  our  invention  consists  in  sustaining 
the  weight,  or  a  proportion  of  the  weight  of  the  engine 
upon  pistons,  moveable  within  cylinders^  into  which  the 
steam  or  water  of  the  boiler  is  allowed  to  enter,  in  order 
to  press  upon  such  pistons ;  and  which  pistons  are,  by  the 
intervention  of  certain  levers  and  connecting  rods,  or  by 
any  other  effective  contrivance,  made  to  bear  upon  the 
axles  of  the  wheels  of  the  carriage,  upon  which  the  engine 
rests.*' 

ee  e  shew  the  cylinders  placed  within  the  boiler,  one 
side  of  which,  in  the  drawing,  is  supposed  to  be  removed^ 
to  expose  them  to  view.  They  are  screwed  by  flanges  to 
one  side  of  the  boiler,  and  project  within  it  a  few  inches ; 
and  are  open  at  the  top,  to  the  steam  or  water  in  the 
boiler;  ggg  are  solid  pistons,  filling  the  interior  of  the 
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cylinders,  and  packed  in  the  common  way  to  render  them 
steam-tight.  The  cylinders  in  the  figure  are  drawn  as 
cut  through  the  middle  to  shew  the  pistons.  The  cylin* 
der  is  also  opened  at  the  bottom,  and  is  screwed  upon  the 
frame  of  the  engine,  as  represented  at  a  a,  fig.  2.  The  pis« 
tons  are  furnished  with  a  rod,  in  a  similar  way  (o  other 
pistons,  inverted  and  securely  fixed  to  it ;  the  lower  end 
of  which  passes  through  a  hole  in  the  frame  which  sup* 
ports  the  engine,  and  presses  upon  the  chair  which  rests 
on  the  axis  of  the  wheels  on  which  the  carriage  moves. 
The  chair  has  liberty  to  move  up  and  down  with  the  pis- 
ton rod.  When,  therefore,  the  steam  presses  upon  the 
piston,  the  weight  is  transmitted  to  the  axle  by.  the  piston 
rod,  and  the  re-action  of  that  pressure  takes  as  much 
weight  off  the  engine.  If,  therefore,  the  cylinders  be  ol 
sufllcient  area,  so  that  the  pressure  of  the  steam  upon  the 
whole  of  the  piston  be  equal  to  the  weight  of  the  engine, 
the  engine  will  be  lifted  up,  as  it  were,  or  entirely  sup* 
ported  by  the  steam,  which  thus  forms  a  kind  of  spring  of 
the  nicest  elasticity. 

These  loco-motive  engines  have  been  long  in  use  at 
Killingworth  colliery,  near  Newcastle,  and  at  Hetton 
Colliery,  on  the  Wear,  so  that  their  advantages  and  defects 
have  been  sufficiently  submitted  to  the  test  of  experiment; 
and  it  appears  that,  notwithstanding  the  great  exertions 
on  the  part  of  the  inventor,  Mr.  Stephenson,  to  bring 
them  into  use  on  the  different  rail-roads,  now  either  con- 
structing or  in  agitation,  it  has  been  the  opinion  of  several 
able  engineers,  that  they  do  not  possess  those  advantages 
which  the  inventor  had  anticipated ;  indeed,  there  cannot 
be  a  better  proof  of  the  doubt  entertained  regarding  their 
utility  than  the  fact,  that  it  has  been  determined  that  no 
loco-motive  engines  shall  be  used  in  the  projected  rail* 
road  between  Newcastle  and  Carlisle,  since,  had  their  ad- 
vantages been  very  apparent,  the  persons  living  immedi- 
ately on  tbe  spot  in  which  they  are  used,  namely,  New- 
castle, would  have  been  acquainted  therewith. 

The  principal  objections  appear  to  be  the  difficulty  of 
surmounting  even  the  slightest  ascent ;    for  it  has  been 
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ound  that  a  rise  of  only  one-eighth  i>f  an  inch  in  a  yard^ 
cflS  feet  in  a  mile,  retards  the  speed  of  one  of  these  en^ 
giues  in  a  very  great  degree ;  so  much  so,  indeed,  that  it 
has  been  considered  necessary,  ia  some  parts  where  they 
are  used,  to  aid  their  ascent  with  their  load  by  fixed  en- 
gines, which  drag  them  forward  by  means  of  ropes  coiling 
round  k  drum.  The  steam  cylinders  below  the  boiler, 
which  canstittited  the  patent^  were  found  very  defective, 
for,  in  the  ascending  stroke  of  the  working  piston,  they 
were  forced  inwards  by  the  connecting  rod  pulling  at  the 
wheel  in  turning  it  round,  and  in  the  descending  stroke 
Ahe  same  pistons  were  foinced  as  much  outwards;  this 
notion  or  play  rendered  it  necessary  to  increase  the  length 
of  the  working  cylinders  as  much  as  there  was  play  in  the 
lower  ones,  to  avoid  the  danger  of  breaking  or  seriously 
injuring  the  top  and  bottom  of  the  former  by  the  striking 
of  the  piston,  when  it  is  forced  too  much  up  or  down*  As 
our  meaning  may  not  be  fully  comprehended  without 
elucidation,  let  us  imagine  the  cylinder  of  a  common  beam 
engine  to  be  set  upon  springs,  which  have  a  play  of  one  foot : 
the  weight  of  the  cylinder,  when  at  rest,  depresses  the 
spring  six  inches,  but  if  the  engine  be  put  in  motion,  then 
as  the  piston  ascends  and  gives  motion  to  the  machinery, 
.  the  springs  below  the  cylinder  beinig,  as  it  were,  the  abut* 
ment  upon  which  the  steam  acts,  are  forced  downwards 
against  their  seat,  with  precisely  the  force  that  the  piston 
exerts  in  overcoming  the  resistance  of  the  machinery.  In 
like  manner  when  the  piston  descends,  as  much  weight  or 
pressure  will  be  taken  off  these  springs  by  the  same  means. 
The  cylinder  would,  therefore,  \  ibrate  or  dance  upon  the 
bearing  springs ;  and,  as  the  motion  which  it  thus  obtains 
ia  the  reverse  of  the  motion  then  given  to  the  piston,  the 
length  of  the  cylinder  should  be  lengthened  to  allow  for 
the  extreme  vibration  to  which  it  is  liable.  A  quantity  of 
ateam  would  therefore  be  lost  in  filling  ap  this  extra 
length  of  the  cylinder  at  each  stroke.  This  would  also 
happen  if  the  cylinder  were/xeil  as  ttsual,  and  the  carriages 
of  the  crank  and  fiy  wheel  supported  r  ion  springs;,  and 
this  arrangement  woald  then  he  exactly  the  sane  in  pria« 
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ciple  and  effect  as  the  parts  of  the  loco*motive  engine  te 
which  we  now  allude. 

Several  patents  have  likewise  been  obtaine4  for  loco- 
itiotive  'engines,  applicable  to  the  common  roads,  namely, 
that  of  Mr.  Julius  Griffith,  in  1821 ;  of  Mr.  Samuel  Brown, 
in  1883;  of  Mr.  James,  in  the  same  year;  of  Mr.  W.  H. 
James,  in  1824 ;  and  Mr.  D*  Gordon,  in  the  same  year. 

The  only  two  machines  which  have  had  any  thing  like 
a  trial,  appear  to  be  those  of  Mr.  Goldsworthy  Ourney, 
and  of  Messrs.  Burstall  and  Hill,  both  patented  in  1826. 

The  propelling  apparatus  of  Mr<  Gurney's  engine  com* 
bines  the  principle  of  Mr.  Trevithick's  engine,  with  that 
of  Mr.  Brunton's;  namely,  Mr^  Trevithick's,  in  its  being 
moved  by  the  adhesion  between  the  wheel  and  the  sur- 
face of  the  ground ;  and  Mr.  Brunton*s,  in  its  being  aided 
in  the  ascending  parts  of  the  road  by  a  species  of  legs  or 
drutches,  which  can  be  called  into  operation  at  the  will  of 
the  guide.* 

Mr.  Gordon's  patent  consists  in  attaching  a  continuous 
series  o^  propellers  to  revolving  cranks,  instead  of  only  a 
pair  with  a  reciprocating  parallel  motion,  as  used  by 

Brunton.t 

Messrs.  Burstall  and  Hiirs  engine  is  upon  the  principle 
6f  Mr.  Trevithick's,  that  is,  it  is  propelled  by  the  adhesion 
between  the  whe^l  and  the  surface  of  the  ground.:^ 

There  are  en^^ines  on  both  these  principles,  namely, 
those  with  the  propdlers,  and  on  Mr.  Trevithick's  plan, 
in  successful  operation ;  we  allude  to  Mr.  Blenkinsop'^ 
at  Middleton  Colliery,  and  Messrs.  Losh  and  Stephen- 
son's, at  Rilling  worth,  Hetton,  and  other  Collieries ;  and 
on  the  Stockton  and  Darlington  Railway.  The  advantage 
which  the  propelling  apparatus  possesses  over  the  ma- 
chines which  are  driven  by  the  contact  only,  are,  that  on 
a  railway  they  are  able  to  surmount  a  greater  ascent. 
But  it  does  not  follow  on  this  account  that  such  a  pro- 
pelling apparatus  will  be  found  advantageous  in  travelling 
on  the  common  roads,  because  a  railway  being  a  smooth 
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ftfid  polished  surface^  docs  not  afford  such  a  resistance 
ag^ainst  the  slipping  round  of  the  wheels  as  a  common  road« 
Propellers^  therefore,  either  by  cog«wheels  and  racks,  or 
by  the  legs  used  in  Mr.  Brunton's  apparatus,  seem  to  be 
the  only  means  afforded  for  ascending  a  hill,  whose  ascent 
exceeds  18  feet  per  mile;  and  as  the  load  is  carried  on  the 
rails  alone,  tearing  up  the  interrening  surface  of  ground 
canno^  occasion  any  serious  injury.  But  we  do  not  possess 
the  advantage  on  a  common  road,  because,  as  every  part 
of  that  is  used  by  the  vehicles  of  all  descriptions,  which 
successively  pass  over  its  surface,  it  is  absolutely  necessary 
to  preserve  every  inch  of  it  as  level  as  possible.  Now, 
such  a  level  as  this,  we  fear,  can  never  be  preserved  ia 
*oads  subject  to  the  action  of  propellers,  and  especially 
«n  those  parts  of  them,  which,  above  all  others,  require  to 
be  kept  perfectly  level,  viz.  the  steepest  ascents.  It  then  be- 
comes a  question,  whether  or  not  a  steam  carriage  iscapa* 
blc  of  ascending  all  the  ordinary  hills  of  a  road,  without 
the  aid  of  the  propelling  legs.  Experiments  forbid  us  to 
entertain  this  opinion,  because,  on  such  hills,  Mr.  Gurney 
has  found  it  always  necessary  to  put  his  propelling  legs 
into  action. 

The  argument  which  is  used  against  our  opinion,  that 
the  roads  will  be  injured  by  the  use  of  the  propellersi 
is  that  they  resemble  in  their  action  a  horse^s  foot,  from 
which  it  is  evident  that  the  roads  sustain  little  injury ;  but 
there  is  a  wide  difference  between  the  action  of  a  horse's 
foot,  and  the  propellers ;  the  moment  a  horse's  foot  is 
placed  on  the  ground,  it  becomes  the  centre  of  curvature 
to  a  certain  portion  of  the  weight  of  his  body,  which  por* 
tion  moves  in  a  segment  of  a  circle,  over  the  part  which  is 
the  temporary  axis,  the  leg  being  the  radius..  The  surface 
of  the  ground,  therefore,  merely  sustains  a  perpendiculai 
pressure  by  the  animal's  hoof,  and  a  proportion  of  angular 
pressure  when  he  draws  a  load,  but  this  latter  pressure  is, 
by  admirable  pliancy  of  muscle,  gradually  brought  upon 
the  ground  so  as  to  prevent  any  suddeu  concussion  and 
coinsequent  injury  to  the  road. 

Now  the  case  is  very  different  with  the  propellers  in  a 
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flteaoi  carriage.  Here  a  solid  body  is  forcing  forward  a 
Leavy  Yehicie,  by  a  considerable  power  pushing  upon  the 
road,  admitting  that  the  propellers  would  act  ia  a  hori- 
zontal direction,  or  could  accommodate  themselves  to  the 
undulation  of  the  road,  still  the  angular  pressure  must  be 
excessive,  and  in  cases  of  increased  resistance  must  of  ne- 
cessity either  break  the  propeller,  tear  up  the  road,  or 
overturn  the  carriage ;  but  where  the  propeller  revolves 
upon  a  centre,  as  in  Mr.  Gurney's  machine,  it  must  of  ne- 
cessity either  lift  the  carriage  off  its  wheels,  or  make  a  hole 
in  the  road,  when  acting  in  its  vertical  position. 

These  are  some  of  the  difficulties  which  are  to  be  sur- 
mounted, before  steam  carriages  can  be  brought  into  use- 
ful operation ;  even  then  a  question  arises  as  to  their  supe- 
riority over  the  present  mode  of  travelling,  either  in  point 
of  convenience  or  expense.  It  appears,  by  the  report 
of  the  Darlington  and  Stockton  Railway  Company,  that 
the  saving  effected  by  the  use  of  loco-motive  engines,  in 
place  of  horses,  on  that  Railway,  is  about  a  third.  This, 
be  it  remembered,  is  on  a  railway  constructed  for  the 
conveyance  of  coals,  and  consequently  where  fuel  is 
almost  valueless. 

This  fact  is  startling ;  because,  if  the  saving  be  so  trifling 
where  the  cost  of  coal  is  not  a  twentieth  part  of  what  it 
is  in  some  parts  of  the  kingdom — where  is  the  advantage 
which  steam  carriages  possess  ? — ^not,  at  any  rate,  in  the 
saving  of  expense. 

But,  whatever  may  be  our  opinion  of  what  has  hitherto 
been  done  towards  the  success  of  this  noble  project,  we 
have  no  right  to  form  any  conclusion,  as  to  what  may 
be  hereafter  effected.  It  is  well  known  that  greater  diffi- 
culties than  any  of  these  have  been  overcome,  by  talent 
and  perseverance  ;  and  there  is  no  reason  to  doubt,  but 
that  other  Newcomens,  and  Smeatons,  and  Watts  will 
arise,  to  vanquish  those  which  remain. 


APPENDIX. 


SECTION  I. 

THE  VAIXrfiB  AND  PROPERTIES  OP  STEAM  AND  OTHBft 
TAPOUR8,  WHOSE  SILASTIC  FORCES  HAVE  BEEN  PRO- 
POSED OR  EMPLOYED  AS  MECHANICAL  AOENtS  FOft 
PROPELLING  MACHINERY,  INCLUDING  A  DISSERTA- 
TION ON  THE  EFFECTS  OF  HEAT.* 

Pretiouslt  to  treating  of  the  effects  of  steam,  it  will  be 
necessary  to  notice  the  circumstances  connected  with  ita 
production ;  and  this  will  naturally  lead  to  an  investiga- 
tion of  the  effects  of  heat,  in  causing  the  bodies  to  assume 
the  solid,  liquid,  or  aeriform  states,  according  to  the 
quantity  of  beat  in  combination  with  them;  without, 
however,  entering  upon  the  subtle  question,  whether  heat 
be  material,  as  it  is  supposed  to  be  by  Pictet,  Murray  and 
others,  or  whether  the  cause  of  heat,  or  the  effects  ascribed 
to  heat,  arise  from  the  motion  amongst  the  particles  of 
bodies,  as  is  supposed  to  be  the  case  by  the  no  less  eminent 
philosophers.  Bacon,  Newton,  Boyle,  Rumford,  Davy, 
Toung,  &c.  but  merely  to  investigate  its  various  effects  on 
bodies.  In  this  inquiry,  k  is  immaterial  which  of  the 
theories  is  adopted,  as  most  of  the  phenomena  connected 
with  the  subject  may  be  explained  by  either. 

One  of  the  most  obvious  properties  of  heat  is  to  increase, 
when  combined  with  other  bodies,  their  magnitude,  as  the 
following  simple  experiment  will  shew* 


*  The  writer  of  tbis  article  ha*  to  acknowledge  valaable  informa 
Ikm  obtained  from  the  works  i^  Arnott,  Biot,  Black,  Rol  inton^  Wall 
and  partkalarly  from  the  Philosophical  Traniiactiont 
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Fill  with  mercury  a  hollow  glass  globe,  to  which  is 
attached  a  very  fine  tube.  The  mercury  in  the  globe  will 
be  increased  in  size,  or  expanded  by  the  application  of 
heat,  and  will  occupy,  in  addition  to  the  hollow  ball,  a 
portion  of  the  tube.  And  thus,  from  the  difference  of  the 
capacities  of  the  ball  and  tube,  a  very  slight  increase  in 
the  size  of  the  mercury  is  rendered  apparent. 

An  instrument,  precisely  of  this  form,  called  a  thermo* 
meter,  has  been  ingeniously  applied  to  ascertain  and 
enable  us  to  record  a  great  variety  of  phenomena  con* 
nected  with  heat.  The  thermometer  bulb,  or  hollow  ball, 
being  filled  with  mercury,  as  above  described,  heat  is  ap« 
plied  till  the  mercury  fills  the  tube  as  well  as  the  balU 
The  air  being  thus  expelled,  the  tube  is  hermetically 
closed  at  the  top,  and  then  attached  to  a  scale,  so  divided, 
that  when  the  instrument  is  plunged  into  freezing  water, 
the  surface  of  the  mercury  stands  at  32°,  hence  called  the 
freezing  point;  and  when  it  is  plunged  into  boiling  water, 
the  mercury  rises  to  212^,  called  the  boiling  point.  The 
space  between  these  points  is  divided  into  180  degrees, 
and  the  divisions  are  carried  above  the  one  and  below  the 
other,  in  such  a  manner  as  to  indicate,  by  the  altitude  of 
the  mercury,  the  changes  in  the  temperature  of  the  body 
to  which  the  thermometer  is  applied.  The  fixing  of  the 
boiling  point  of  water  at  212^  is  perfectly  arbitrary,  and 
it  is  marked  difierently  on  different  scales;  but  as  the 
above,  introduced  by  Fahrenheit,  are  the  most  common  in 
this  country,  they  will  be  invariably  adopted  in  this  article. 

The  freezing  point  on  the  scale  of  Reaumur^s  thermo- 
meter is  marked  0,  and  the  boiling  point  80°;  so  that  the 
proportion  of  the  divisions  on  Fahcenheit^s  scale  to  those 
on  Reaumur's,  is  as  180*  is  to  80*,  or  as  9  is  to  4.  There 
is  another  scale  of  divisions,  introduced  by  Celsius,  and 
called  the  Centigrade  Scale,  on  which  the  freezing  point 
is  marked  0,  and  the  boiling  point  100°.  So  that  the  pro- 
portions of  the  divisions  on  this  scale,  to  those  on  Fahren« 
heit's,  are  as  100°  to  ISO^,  or  as  5  to  9.  From  these  data, 
the  degree  of  temperature  indicated  by  one  thermometer 
ttCn  be  easily  converted  into  that  which  would  have  been 
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indicated  by  another;  but  as  the  thermometers,  both  of 
Reaumur  and  Celsius,  are  much  in  use  on  the  Continent,  it 
becomes  important  to  have  ready  means  of  comparison, 
and  for  that  purpose  the  following  Table  has  been  intro* 
duced. 


TABLE  I. 

Skowtn^f  the  corresponding  Degrees  on  the  Thermometers  of  FaJirenkeit, 

Reaumur^  and  Celsius* 


312 
«ll 
810 
209 
208 
907 
206 
205 
204 
203 
202 
201 


199 

196 

197 

196 

195 

194 

193 

192 

191 

190 

189 

188 

187 

186 

185 

184 

183 

182 

181 

180 

179 

178 

177 

176 

175 

174 

173 

172 

171 

170 

169 

168 

ia7 

166 


80 

79.5 

79.1 

78.6 

78.2 

77.7 

77.3 

76.8 

76.4 

76 

75.5 

75.1 

74.6 

74.2 

73.7 

73.3 

72.8 

72.4 

72 

71.5 

71.1 

70.7 

70.2 

69.7 

69.3 

68.8 

68.4 

68 

67.5 

67.1 

es,6 

66.2 

65.7 

65.3 

64.8 

64.4 

64 

63.5 

63.1 

626 

62.2 

61.7 

61.3 

60.8 

60.4 

60 

59.5 


.  OBfilL 

100 
99.4 
98.9 
98.3 
97.8 
97.2 
96.7 
96.1 
95.5 
95 
94.4 
93.8 
93.3 
92.7 
92.2 
91.6 
91.1 
90.5 
90 
89.4 
88.8 
88.3 
87.7 
87.2 
86.6 
86.1 
85.5 
85 
84.4 
83.8 
83.3 
82.7 
82.2 
81.6 
81.1 
80.5 
80 
79.4 
78.8 
78.3 
77.7 
77.2 
76.6 
76.1 
75.5 
75 
74.4 


fahr. 

165 

164 

163 

162 

161 

160 

159 

158 

157 

156 

155 

154 

153 

152 

151 

150 

149 

148 

147 

146 

145 

144 

143 

142 

141 

140 

139 

138 

137 

136 

135 

134 

133 

132 

131 

130 

129 

128 

127 

126 

125 

124 

123 

122 

121 

120 

119 


lUaiin. 

59.1 

58.6 

58.2 

57.7 

57.3 

56^ 

56.4 

56 

55.5 

55.1 

54.6 

54.2 

53.7 

53.S 

52.8 

52.4 

52 

51.5 

51.1 

50.6 

50.2 

49.7 

49.3 

48.8 

48.4 

48 

47.5 

47.1 

46.6 

46.2 

45.7 

45.3 

44.8 

44.4 

44 

43.5 

43.1 

42.0 

42.2 

41.7 

41.3 

40.8 

40.4 

40 

39.5 

39.1 

38.6 


CMd. 

73.8 

73.3 

72.7 

72.2 

71.6 

71.1 

70.5 

70 

69.4 

68.8 

68.3 

67.7 

67.2 

66.6 

66.1 

65.5 

65 

64.4 

63.8 

63.3 

62.7 

62.2 

61.6 

61.1 

eOA 

60 

59.4 

58.8 

58.3 

57.7 

57.2 

56.6 

56.1 

55.5 

55 

54.4 

53.8 

53.3 

52.7 

52.2 

516 

51.1 

50.5 

50 

49.4 

48.S 
48.3 


118 

117 

116 

115 

114 

113 

112 

111 

110 

109 

108 

107 

106 

105 

104 

103 

102 

101 

100 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87 

86 

85 

84 

83 

82 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 


RMim. 

38.2 

37.7 

37.3 

36.8 

36.4 

36 

35.5 

35.1 

34.6 

34.2 

33.7 

33.3 

32.8 

32.4 

32 

31.5 

31.1 

30.6 

30.2 

29.7 

29.3 

28.8 

28.4 

28 

27.5 

271 

26.6 

26.2 

25.7 

25.3 

24.8 

24.4 

24 

23.5 

2S.1 

226 

22.2 

21.7 

21.3 

20.8 

20.4 

20 
19.5 
19.1 
18  6 

18.2 
17.7 


CWMl. 

47.7 
47.2 
46.6 
46.1 

45.5 

45 

44.4 

43.8 

43.3 

42.7 

42.2 

4]  .6 

41.1 

40.5 

40 

39.4 

38.8 

38.3 

37.7 

37.2 

36.6 

36.1 

35.5 

35 

34.4 

33.8 

33.3 

32.7 

32.2 

31.6 

31.1 

30.5 

30 

29.4 

28.8 

28.3 

27.7 

27.2 

26.6 

26.1 

25.5 

25 

24.4 

23.8 

23.3 

22  7 

22.2 


15. 


rur. 
71 
70 
69 
68 
67 

ee 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

62 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31  . 

30  . 

29  . 

28  - 

27  - 

26  - 

25  - 

2x 


R«9>am. 

17.3 

16.8 

16.4 

16 

15.5 

15.1 

14.6 

14.2 

13.7 

13.3 

12.8 

12.4 

12 

11.5 

11.1 

10.6 

10.2 

9.3 

8.8 

8.4 

8 

7.5 

7.1 

6.6 

6.2 

5.7 

5.3 

4.8 

4.4 

4 

3>5 

31 

2.6 

2.2 

1.7 

1.3 

08 

04 

0 
-0.4  - 
-0.8  - 
-1.3  - 
-17  - 
-2.2  - 
-2.6  - 

-ai  - 


21.6 

21.1 

20.5 

20 

10.4 

18.8 

18.3 

17.7 

17.2 

16.6 

16.1 

15.5 

15 

14.4 

13.8 

18.3 

12.7 

12.2 

11.6 

11.1 

10.5 

10 

9.4 

8.8 

8.3 

7.7 

7.2 

6.6 

0  I 
5.5 
5 

4.4 
3.8 
3.3 
2.7 
2.2 
1.6 

1  1 
0.5 
0 

-0.5 
-l.l 
-1.6 
-2.2 
-2.7 
-3.3 
-.3.8 
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ratow 
24 
23 
22 
21 
20 
19 
18 
17 
16 
IS 
14 
13 
12 
11 
10 


—3.5 


—4.4 
—4.8 
—5.3 
—5.7 
—6.2 
—6.6 
—7.1 
—7.5 
—8 
—8.4 
—8.8 
—9.3 
—9.7 
9  —10.2 
8  —10.6 


CmntU 

—4.4 

—5 

—5.5 

—6.1 

—6.6 

—7.2 

—7.7 

—8.3 

—8.8 

—9.4 

—10 

—10.6 

—11.1 

—11.6 

—12.2 

—12.7 

—13.3 


Falir.    Rvaim. 

7—11.1 

6—11.5 

5—12 

4  —12.4 

3  —12.8 

2  —18.3 

1  —13.7 

0  —14.2 

— 1  —14.6 

—2  —15.1 

—3  —15.5 

—4—16 

—5  —16.4 

—6  —16.8 

-.7  —17.3 

—8  —17.7 


CCBtl. 

—13  8 

—14.4 

—15 

—15.5 

—16.1 

—16.6 

—17.2 

—17.7 

—18.3 

—18.8 

—19.4 

—20 

—20.5 

—21.1 

—21.6 

—22.2 


rshr. 

—9 
—10 

—11 

—12 
—13 
—14 
—15 
—16 
—17 
—18 
—19 
—20 
—21 
—22 
—23 
—24 


Reaiim. 

—18.2 

—18.6 

—19.1 

—19.5 

—20 

—20.4 

—20.8 

—21.3 

—21.7 

—22.2 

—22.6 

—23.1 

—23.5 

—24 

—24.4 

—24.8 


Cfuri. 

—22.7 

—23.3 

—23.8 

—24.4 

—25 

—25.5 

—26.1 

—26.6 

—27.2 

—27.7 

—28.3 

—28.8 

—29.4 

—30 

—30.5 

—31.1 


Fahr. 

—25 

—26 
—27 
—28 
—29 
—80 
—31 

—33 
—34 
—35 
—36 
—37 
—38 
—39 
—40 


Reaiim. 

—25  3 

—25.7 

—26.2 

—26.6 

—27.1 

—27.5 

—28 

—28.4 

—28.8 

—29.3 

—29.7 

—30.2 

—30.6 

—31.1 

—31.5 

—32 


OMtl. 

—31.6 

—32.2 

-82.7 

—33.3 

—33.8 

—34.4 

—35 

—35.5 

—36.1 

—36.6 

—37.2 

—37.7 

—38.3 

—38.8 

— 39.4 

—40 


The  real  quantity  of  expansion  in  bodies  always  ex« 
ceeds  that  indicated  by  the  thermometer,  inasmuch  as 
the  glass  vessel  which  contains  the  mercury  is  subjected 
to  an  expansion,  which  prevents  the  mercury  from  rising 
so  high  in  the  tube  as  it  otherwise  would  do. 

Though  all  substances  are  expanded  or  dilated  by  an 
increase  of  temperature,  yet  the  expansion  produced  by 
the  same  increase,  varies  considerably  in  different  bodies. 
From  what  has  been  said,  it  will  be  perceived,  that  to  de- 
termine, accurately,  the  expansibility  of  any  fluid  by  a 
certain  increase  of  temperature,  an  allowance  must  be 
made  for  the  dilatation  of  the  vessel  containing  the  fluid, 
and  hence  the  necessity  of  first  determining  the  expan* 
sibility  of  solid  substances;  a  subject. which  has  been  in- 
vestigated with  great  care,  by  Smeaton,  De  Luc,  Dulong, 
Petit,  Lavoisier,  La  Place,  Troughton,  Berthoud,  Woolas- 
ton,  and  others;  and  the  results  of  their  experiments  are 
given  in  the  following  Table,  in  which  the  mean  expansi- 
bilities are  inserted^  in  all  cases  where  the  authorities 
differ. 
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TABLE  11. 

LINEAR  EXPANSION  OF  SOLIDS  BT  HEAT. 


Dimeniious  wkiek  a  bar  takes  at  US*,  whose  length  otBSt!'  is  1.000>J0000. 


Glass  tttbe    ....• ••• 

Plate  glass  

Ditto  crown  glass •,. 

Glass  rod  ...*• 

Deal 

Platina 

Palladium    

AntimoDy , • • 

Cast  iron  prism  

Cast  iroB 

Steel  

Ditto  fod • 

Blistered  steel 

Stefl  not  tempered 

St^el  tempered  yellow 

Ditto  at  a  higher  rate    

^ard  steel    ..••• 

Annealed  steel    •• 

Tempered  steel 

Iron 

Soft  iron,  forged 

Round  iroOy  wire  drawn 

Iron  wire 

Bismuth    

Annealed  gold 

Gold 

Ditto  procured  by  parting    ...••• 
Ditto,  Paris  standard,  unannealed 

D^to,  ditto,  annealed 

Copper 

Brass ••••••••• 

Cast  brass    

Engfish  plate  brass    

Brass ^»m • • 

Brass  wire 

Copper  8,  tin  1    •  • .  • 

Silver    •••• •••.. 

Brass  16,  tin  1 

Speculum  metal 

Spelter  solder — ^braas  S,  zinc  1    •• 

Malacca  tin • 

Tin  from  Falmouth 

Fine  pewter. ..#...•• ••• 

Grain  tin • 

Tin    

Soft  solder — lead  t,  tin  1 

Zinc  8,  tin  1,  a  little  hammered  . . 

Lead 

Zinc  


.00088857 
.00089089 
.00089694 
.00080787 
.00080787 
.00091085 
.00100000 
.00108800 
.001 10940 
.00111111 
.00118990 
.00114470 
.00118750 
.00107915 
.00187760 
.00128956 
.00128500 
.00122000 
.00187000 
.00120700 
.00122045 
.00128504 
.00144010 

00189200 
.00146000 
.00150000 
.00146606 
.00165155 
.00151361 
.00179418 
.00184647 
.00187500 
.00189885 
.00208940 
.00198000 
.00181700 
.00200183 
.00190800 
.00198800 
.00205800 
.001937^5 
.00217298 
.00228800 
.00248800 
.00284000 
.00250800 

00269200 
.00285768 
.00297650 
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The  expansibility  of  fluids  being  considerably  greater 
than  that  of  solids,  it  becomes  an  easy  process  to  ascertain 
with  a  tolerable  degree  of  accuracy,  their  relative  capa- 
bilities of  expansion,  from  slight  increments  of  tempera- 
ture, by  inclosing  them  successively  in  the  same  vessel  or 
tube.  Glass  is  found  to  be  very  suitable  for  this  purpose, 
on  account  of  its  possessing  but  small  expansive  powers,  and 
at  the  same  time  great  transparency.  To  determine  with 
great  accuracy,  however,  the  comparieitive  expansibilities  of 
diiferent  fluids  submitted  to  a  considerable  change  of  tem- 
perature, much  nicety  and  judgment  are  required  in  making 
the  requisite  correction  for  the  increased  capacity  of  the 
containing  vessels.  MM.  Dulong  and  Petit  have  devoted 
much  attention  to  this  subject,  which  they  have  investi- 
gated with  their  UBual  precision,  and  published  the  results 
in  a  Table,  which  is  subjoined. 

TABLE  III. 

Expansion  ofih^  Volume  of  Liquids  by  heinp  heated  from  32"*  to  219*. 

Mercury 0.0177631 

Water,  its  maxiinum  density 0.04332 

Muriatic  acid  (sp.  gr.  1. 187)    0.0600 

Nitric  acid  (Rp.  gr.  \M) •  .0.1100 

Sulphuric  acid  (sp.  gr.  1.65^    0.0600 

Alcohol 0.1100 

Water 0.0-160 

Water,  saturated  with  salt 0.0500 

Sulphuric  ether • 0.0700 

Fixed  oils ^ 0.0800 

Oil  of  turpentine 0.0700 

It  has  been  stated  that  all  bodies  are  augmented  by 
heat ;  but  water,  under  certain  circumstances,  forms  a  re* 
markable  exception  to  the  general  law,  that  all  bodies 
contract  in  bulk  by  reduction  of  temperature.  At  a  tern* 
perature  of  about  40>,  water  is  at  its  maximum  density.  If 
it  be  reduced  to  32^,  it  expands  in  the  proportion  ot  9  to  8, 
and  assumes  the  solid  form  of  ice.  An  increase  of  tempe- 
rature above  40^,  has  the  same  effect  of  expanding  water 
as  a  decrease  from  that  point.  Although  water  freezes 
at  32",  yet,  if  it  be  kept  in  a  dark  and  still  situation,  it 
may  be  cooled  to  22®,  without  freezing;  but  if  it  be  then 
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gently  agitated  with  a  thermometer,  it  will  immediately 
congeal,  and  the  mercury  will  rise  considerably,  when  the 
water  assumes  the  solid  form  of  ice. 

This  subject  may  be  better  understood  by  reference  to 
the  experiments  on  the  quantity  of  caloric  absorbed  by 
ice  during  its  liquefaction. 

Aeriform  bodies  are,  when  separated  jprom  their  liquids, 
uniformly  affected,  or  very  nearly  so,  by  equal  increments 
of  temperature.  Atmospheric  air,  for  example,  by  an  in- 
crease of  temperature,  from  38^  to  212^  (1^)9  is  expanded 
from  1  to  1.375;  hence  the  expansibility  caused  by  an  in- 
crease of  one  degree  is  *f  Ha:.002083.  A  given  change  of 
any  number  of  degrees  in  temperature,  therefore,  being 
multiplied  by  .002083,  would  show  the  consequent  in- 
crease of  bulk  in  the  gaseous  body.  The  results  of  Mr. 
Dalton's  experiments  on  this  subject  are  given  in 


TABLE  IV. 

SHEWING  THE  EXPANSION  OF  AIR  BY  HEAT. 


aa* 

1000 

40» 

1040 

e5» 

1077 

81« 

1112 

97» 

1146 

33 

1002 

50 

1043 

66 

1080 

82 

1114 

98 

1148 

34 

1004 

51 

1045 

67 

1082 

83 

1116 

99 

1150 

35 

1007 

52 

1047 

68 

1084 

84 

1118 

100 

1152 

36 

1009 

53 

1050 

69 

1087 

85 

llfl 

110 

1173 

37 

1012 

54 

1053 

70 

1089 

86 

1123 

ISO 

1194 

3S 

1015 

55 

1055 

71 

1091 

87 

1125 

130 

1215 

39 

1018 

56 

1057 

72 

1093 

88 

1128 

140 

1235 

40 

1021 

57 

1059 

73 

1095 

80 

1130 

150 

1255 

41 

1023 

58 

1062 

74 

1097 

90 

1132 

160 

1275 

42 

1025 

50 

1064 

75 

1099 

91 

1134 

170 

1295 

43 

1027 

60 

1066 

76 

1101 

92 

1136 

180 

1315 

44 

1030 

61 

1069 

77 

1104 

93 

1138 

190 

1331 

45 

1032 

62 

1071 

78 

1106 

94 

1140 

200 

1354 

40 

1034 

63 

1073 

79 

1108 

95 

1142 

210 

1372 

47 

1036 

64 

1075 

80 

1110 

96 

1144 

212 

1376 

48 

1038 

Different  bodies  removed  from  one  temperature  to 
another,  require  different  quantities  of  heat  to  be  sup- 
plied to  or  abstracted  from  each,  in  order  to  preserve  their 
equilibrium  of  temperature.  This  quality  of  bodies  has 
been  denominated  specific  heatj  and  it  is  exhibited  in 
Tables  V.  and  VI. 
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TABLE  V. 
SPECIFIC  HEATS  OF  SOLIDS. 


Specific 
heats,  that 
of  water  be- 
ing 1000. 

•  Weight  of 

the  atoms, 

oxygen 

being  1. 

Product  of 
these  two 
numbers. 

Bismuth ••••• 

1>288 
0.0293 
0.0298 
0.0314 
0.0614 
0.0667 
0.0927 
0.0012 
0.0949 
0.1036 
0.1100 
0.1498 
0.1880 

13.300 

12.960 

12.430 

U  160 

7.360 

6.760 

4.030 

4.030 

3.957 

3.690 

3.392 

2.460 

2.011 

0.3830 
0.3794 
0.3704 
0.8740 
0.3779 
0.3759 
0.3736 
0.3676 
0.3766 
0.3819 
0.3731 
0.3686 
0.3780 

Lead    ..•*••. ••««k 

Gold    

Platinum     

Tin 

Silver 

Zinc. 

Tellurium   

CopDer    ••.•...... 

Nickel 

Iron  ••...•.•.••••• 

Cobalt 

Sulphur 

TABLE  VI. 

THE  SPECIFIC  HEATS  OF  GASES. 

Water  1.0000 

Air 0.2669 

Hydrogen  gas 3.2936 

Carbonic  acid 0.2210 

Oxygen 0.2361 

Azote    0.2754 

Oxide  of  azote 0.2369 

Olefiant  gas 0.4207 

Carbonic  oxide   0.2884 

Aqueous  vapour 0.8470 

As  differoDt  bodies  contain,  at  the  same  temperaturci 
different  quantities  of  heat,  the  term  capacity  for  heat 
has  been  also  applied,  to  distinguish  this  property,  and 
the  following  table  exhibits  the  comparative  capacity  of  a 
few  of  the  metals. 

CAPACITIES  FOR  HEAT. 


Mean  capacity  between 
0»  and  100«. 


Mercury 0.0330 

Zinc 0.0927 

Antimony    ....  0.0607 

Silver 0.0567 

Copper     0.0949 

Platmum 0.0366 

Glass    1.1770 


Mean  capacity  between 
0»  and  SOOOo. 


0.0360 
0.1016 
0.0649 
0.0611 
0.1013 
0.0366 
0.1900 
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It  is  owing  to  the  quantity  of  heat  in  combination 
with  different  substances,  that  they  assume  the  solid, 
liquid^  or  aeriform  states;  thus  water,  below  32^,  becomes 
solid,  and  exists  only  in  the  state  of  ice,  and  above  112^,  it 
becomes  steam,  and  exists  only  in  the  state  of  vapour.  As 
mercury  becomes  fluid  at  48°  below  zero,  we  are  acquaint- 
ed with  it  only  as  a  fluid,  and  apt  to  consider  that  as 
being  its  natural  state ;  but  this  is  an  accidental  condition, 
entirely  depending  upon  the  circumstance  of  the  tempe- , 
rature  at  which  it  becomes  fluid  being  below  the  ordinary 
temperature  of  the  atmosphere;  for  fluidity  is  no  more 
the  natural  state  of  mercury,  than  solidity  or  vapour  is 
the  natural  state  of  water*  A  considerable  quantity  of 
beat  combines  with  ^11  substances  during  their  changes  of 
form,  from  solid  to  liquid,  or  from  liquid  to  vapour.  And 
this  heat,  which  enters  into  combination  with  the  sub- 
stances during  their  changes,  not  remaining  sensible  to  the 
thermometer,  has  received  the  name  of  latent  heaty  which 
is  given  out  again,  and  becomes  sensible  to  the  thermo- 
meter, on  the  contrary  change.  In  the  conversion  of 
water  into  steam,  about  1000°  disappear,  which  is  six 
times  as  much  as  is  required  to  raise  the  cold  water  to  the 
boiling  point;  a  circumstance  which  is  experimentally  de- 
termined by  estimating  the  time  and  fuel  expended  in 
boiling  off  a  certain  quantity  of  water;  and  rendered  evi- 
dent by  the  fact,  that  any  quantity  of  water  in  the  form 
of  steam,  will  instantly  combine  with  and  raise  to  the 
boiling  point  six  times  the  quantity  of  cold  water.  And, 
on  the  contrary,  a  portion  of  steam  will  be  immediately 
converted  into  water,  on  the  abstraction  of  a  portion  of 
its  combined  heat. 

Were  it  not  for  the  existence  of  latent  heat,' and  the 
consequent  time  required  to  effect  a  change  in  bodies,  the 
process  of  evaporating  by  boiling  would  be  impossible; 
any  water  or  any  other  liquid  would,  when  raised  to  a 
certain  temperature,  instantly  flash  into  steam,  and  be« 
come  dissipated  with  a  terrible  explosion,  like  that  of 
tired  gunpowder.  For  the  same  reason,  the  thawing  of  a 
large  quantity  of  snow  would,  without  latent  heat,  be- 
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come  a  sudden  and  disastrous  inundation.  On  the  oth^r 
hand,  if  water  had  not  to  give  out  its  latent  heat  in  freez- 
ingy  after  a  quantity  of  it  was  once  cooled  down  to  the 
freezing  point,  the  abstraction  of  one  additional  degree 
of  heat  would  be  sufficient  to  convert  the  whole  into  a 
solid  mass.  Were  not  the  operations  efl'ecting  the  great 
changes  in  Nature  thus  rendered  slow  and  gradual,  we 
should  have  a  succession  of  the  most  disastrous  explosions 
and  inundations;  or  seas,  lakes,  and  rivers  converted  in- 
stantly into  solid  ice.  It  is  somewhat  remarkable,  that 
the  existence  of  latent  heat,  obvious  as  it  thus  appears, 
was  unknown  till  of  late  years,  when  its  discovery  led  to 
such  improvements  in  the  steam  engine  as  have  affected, 
in  an  eminent  degree,  the  relations  of  great  empires.  To 
Dr.  Black  of  Edinburgh,  and  Mr.  James  Watt  of  Glasgow, 
we  are  principally  indebted  for  having  investigated  and 
made  known  this  discovery.  They  found  that  it  was  not 
sufficient  for  converting  ice  into  water,  that  it  should  be 
merely  raised  to  that  temperature  in  which  it  can  no 
longer  remain  in  the  form  of  ice.  A  piece  of  ice,  of  the 
of  temperature  of  SS^,  will  remain  a  very  long  time  in  air 
the  temperature  of  50%  before  it  is  entirely  melted,  continu* 
ing  all  the  while  of  the  same  temperature  32^,  though 
continually  absorbing  heat  from  the  surrounding  air.  By 
comparing  the  time  in  which  ice  had  its  temperature 
changed  from  S8^  to  S3^,  with  the  subsequent  time  of  its 
complete  liquefaction,  it  was  discovered  that  it  absorbed 
about  140  times  as  much  heat  as  would  raise  its  tempera- 
ture one  degree ;  and  that  one  pound  of  ice  at  32<*,  when 
mixed  with  one  pound  of  water  140<*  warmer,  was  only 
melted,  without  increasing  the  temperature  above  33^, 
Hence  it  was  concluded,  that  water  differed  from  ice  of 
the  same  temperature,  by  containing,  as  a  constituent  in- 
gredient, a  great  quantity  of  heat,  united  with  it  in  such 
a  way  as  to  be  incapable  of  quitting  it  for  another  colder 
body,  and  therefore  so  as  not  to  act  upon  the  thermo- 
meter. Hence  the  term  latent  heat.  If  any  more  heat 
were  added,  after  the  conversion  of  the  ice  into  water,itwa3 
not  latent,  but  would  readily  quit  it  for  the  thermometer. 
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jnad,  by  cauBisg  it  to  rise,  would  show  what  W9s  (he  de- 
gree of  this  additional  heat.  In  like  manner^  to  convert 
water  into  an  elastic  va^ur,  it  js  necessary,  i;^ot  only  to 
increase  its  uncombined  beat  till  its  temperaiture  is  81S% 
in  which  state  it  is  just  ready  to  becojoae  elastic,  bnt  also 
to  add  to  it  a  great  quantity  of  heat,  which  combines  with 
every  partiete  of  it^  so  as  to  -inake  it  repel  or  recede  from 
its  adjoining  particles^  and  thus  become  %  particle  of 
elastic  fluid. 

In  the  pbeaon^eDon  of  boiling  off  a  quantity  of  water, 
the  application  of  beat  to  it  causes  it  gradually  to  rise  in 
its  temperature,  till  it  reaches  that  of  2iS*.  It  then  begins 
to  send  off  elastic  vapour,  and  is  slowly  expended  in  this 
way,  continuing  all  the  whil^  of  the  same  temperature, 
7he  steam  also  is  of  no  higher   temperi^ture,  as  ap<< 
pears  by  holding  a  thermometer  in  it.     We  must  con* 
flude  that  this  steam  contains  all  the  hei^t  which  is  ex- 
pended in  its  formation*  Accordingly,  the  scalding  power 
of  steam  is  well  known;  but  it.  is  extremely  difficult  to 
obtain  precise  measures  of  the  qua,ntity  of  beat  absorbed 
by  water  during  its  conversion  into  steam.    Dr.  Black 
radeavoured  to  ascertain  this  point,  by  comparing  the 
time  of  raiding  its  temperature  a  certain  number  of  de- 
grees, with  the  time  of  boiling  it  entirely  away,  by  the 
same  external  heat;  and  he  found  that  the  latent  heat  iir 
steam,  which  balanced  the  pressure  of  the  atmosphere, 
was  not  less  than  800^     He  also  directed  Dr.  Irvine  of 
Glasgow,  to  the  form  of  an  experiment  for  aieasuring  the 
beat  actually  extricated  from  such  steam  during  its  con* 
densation  in  the  refrigeratory  of  a  still,  whicb  w^s  found 
to  be  not  less  than  774"^.    Mr.  Watt,^  about  the  fi^ame  time^ 
inado  a  course  of  experiments,  with  great  precisian.     In 
1781,  he  determined  the  latent  heat  of  steam^  under  the 
ordinary  pressure  of  the  atmosphere^  to  b^  about  9^*"  or 

Mr.  Watt   investigated    this  subject    expcyclmeutallyt 

which  he  describes  as  follows : — He  took  a  pipe  of  cqpper 

fthg  ot  an  inch  diameter  inside,  iVth  of  an  inch  .thick,  and 

five  feet  long)  having  three  inches  qf  one  of  its  ends  bent 

15.  2  Y 
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downwards,  and  fixed  it  steam-tight  on  the  spout  of  a  tea« 
kettle,  from  which  the  pipe  inclined  upwards,  so  that  th& 
bent  end  was  about  two  feet  hifber  than  the  spout  of  the 
kettle ;  and  a  cork,  perforated  with  a  bole  of  about  iVths  of 
an  inch  diameter,  kept  open  by  a  bit  of  quill,  was  fixed  in 
the  opening  of  the  bent  end* 

The  tea-kettle  was  filled  with  water  till  it  stood  half 
way  up  the  spout;  the  lid  was  fixed  on  tight  with  some 
oatmeal  dough,  and  held  down  by  a  piece  of  wood  reach-^ 
ing  up  to  the  handle.  A  tin  pan,  four  inches  deep  and 
six  inches  diameter,  had  8f  pounds  avoirdupois  of  wate^ 
put  into  it,  which  filled  it  nearly  to  S|  inches  deep.  The 
water  was  weighed  very  accurately ;  the  tin  pan,  and  a 
disk  of  strong  paper  (oiled  with  linseed  oil,  and  dried  in 
a  stove,)  fitted  to  its  inside,  being  first  counterpoised  when 
they  were  quite  dry, 

'  The  pan  and  water  were  placed  upon  several  folds  of 
flannel  on  a  stand,  and  the  extremity  of  the  cork  in  the 
bent  end  of  the  pipe  was  immersed  in  the  water.  The 
water  in  the  kettle  was  made  to  boil  for  some  time  before 
the  end  of  the  pipe  was  immersed  in  the  cold  water  in 
the  pan,  which  was  not  done  until  it  was  observed  that 
no  water  dropped  from  it,  but  that  ali  the  condensed  part 
of  the  steam  returned  by  the  inclined  tube  to  the  tea* 
kettle. 

When  the  end  of  the  tube  was  immersed  in  the  cold 
water  in  the  pan,  the  steam  issuing  from  it  was  condensed 
with  a  crackling  noise,  and  began  to  heat  the  water  in 
contact  with  it.  The  water  being  constantly  stirred  with 
a  ciircular  motion,  the  heat  was  thereby  diffused  eqiiably 
throughout  the  whole,  and  the  experiment  was  coiftinued 
until  the  water  had  acquired  the  beat  of  from  70^  to  90*, 
which  happened  generally  in  from  four  to  six  minutes. 
Immediately  after  the  thermometer  had  shewn  what  the 
heat  was,  which  was  in  less  than  half  a  minute,  the  water 
was  covered  by  the  disk  of  oiled  paper,  to  prevent  evapo* 
ration,  which  would  otherwise  have  lessened  its  weight 
during  the  operation  of  weighing.  The  thermometer 
employed  became  stationary  in  about  10  seconds. 
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* 

When  the  experiments  were  finished,  the  tin  pan,  made 
quite  dry,  was  set  in  a  room  where  the  air  was  about  40**, 
and  stood  there  for  half  an  hour;  when  it  was  thought  to 
have  acquired  the  heat  of  the  place,  two  pounds  of  water 
at  76"  were  then  poured  into  it,  and  the  heat  was  found 
to  be  754^ 

Then,  for  S5|"  with  two  pounds  of  water,  or  for  every 
44**  with  2|  pounds  of  water,  half  a  degree  must  be  al- 
lowed for  the  heat  absorbed  by  the  pan. 

The  heat  of  the  roomf,  when  the  experiments  were  made, 
was  generally  about  56** 

Eleven  experiments  were  made  in  the  foregoing  man- 
ner, from  which  the  latent  heat  was  calculated  according 
to  the  following  example. 

The  heat  of  the  water  in  the  pan,  on  beginning  the  ex- 
periment, was  43,5^  When  the  experiment  was  ended, 
the  heat  of  that  water  was  89.5%  consequently  it  had  gained 
46^  from  the  steam  it  had  condensed.'  The  weight  of  the 
water  on  commencing  the  experiment  was  3|  pounds  avoir- 
dupois, or  17,500  grains ;  after  the  experiment,  its  weight 
was  18,260  grains;  consequently,  it  had  gained  760  grains 
from  the  condensed  steam.  Thus,  multiplying  17,500 
grains  by  46%  the  heat  received  from  the  condensed  steam, 
and  0.5^,  the  heat  absorbed  by  the  pana46.5%  we  have 
813,750^,  which,  divided  by  760  grains,  the  weight  of  the 
water  which  in  the  state  of  steam  communicated  the  heat, 
we  have  1070^;  to  this  must  be  added  the  heat  retained, 
being  that  of  the  mixture,  89.5%  which  produces  1159.5% 
as  the  sum  of  the  sensible  and  latent  heat  of  the  steam; 
and  deducting  81 2"^  the  sensible  heat^  we  have  the  latent 
heat  947.&*. 

This  result,  with  those  of  the  other  ten  experiments, 
tried  and  calculated  in  the  same  manner,  are  shewn  in  the 
following  Table* 
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TABLE  VII. 


a. 

& 


I. 


I. 

3. 

4- 

5. 
6 
7. 
8. 
9. 
10. 

ir. 


II. 


Grains. 

17,600 

17,6(K) 

17,500 

17,500 

17,600 

17,500 

17,600 

17,600 

17,600 

17,500 

17.500 


III. 


Deg. 
43.6 
44.6 
44.5 
44w6 
44.6 
47.6 
49 
47 
46 
46 
46 


0*2 


IT. 


I' 
II 


V* 


Grains. 
760 
709 
6^ 

369 

64,% 

688  6 

67fi( 

690.6 

664.26 

976 


89.6 

86.6 

98 

78.6 

67.26 

87 

84.6 

87.6 

86^ 

86.6 


i 


VI. 


46.6 

42.6 

64 

ti9.6 

23 

40 

36 

41 

42 

41 

6y.6 


r 


vn. 


1 159  6 

113139 

1149.1 

1176.6 

1158 

]  177.3 

1166 

1160.6 

11666 

1166.66 

1134 


i 

I 


VIII. 


947.6 . 

924.9 

987.4 

963.6 

946 

966.3 

943 

938  6 

964.6 

953.66 

922 


The  avenge  of  these  experiments  gives  945.9^,  for  the 
latent  heat  of  stewn. 

.  But  there  being,  according  to  Mr*  Wattes  siccount, 
several  causes  which  affect  their  results^  and  which  for 
Jlhe  most  part  tend  to  give  the  latent  heat  rather  \esai  than 
what  it  probably  was,  he  estimated  the  latent  heat  of 
steiam  at  960>. 

Mr.  Watt)  being  dissatisfied  with  the  experiments  tried 
in  a  hasty  manner,  Upon  the  latent  heat  of  distillation  in 
vacuo,  made  other  experiments,  one  of  which  is  here 
described.     He  took  a  small  still  A,  surrounded  by  a  bal- 
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mihb,  made  of  tin  ptafe,  in  the  form  annexed,  wbieh 
coniinanicated  by  a  pipe  with  the  two  double  cones  B  and 
C,  each  of  which  had  a  very  small  opening  in  its  lower 
apex,  shut  air-tight  by  a  brass  plug.  There  was  also  an 
opening,  shut  in  the  same  manner,  in  the  tube  at  D*  The 
conical  month  of  the  still  at  A,  was  shut  by  n  geod  ocnrk. 

A  pint  of  water  was  ponred  into  the  inside  vessel,  and 
as  much  into  the  outside  one.  The  whole  was  then  set 
upon  a  chafing-dish,  and  made  to  boil.  The  steam  was 
allowed  to  issue  at  B  and  C,  until  it  was  supposed  that 
all  the  air  was  expelled.  The  aperture  C  was  then  shut, 
and  jnst  immersed  in  a  vessel  of  water,  to  prevent  the  air 
itrom  entering.  The  steam  was  allowed  to  issue  some 
time  longer  at  B,  and  it  was  also  shut,  and  immediately 
immersed  to  a  small  depth  in  water*  Cold  water  was 
then  poured  into  the  balneum,  so  as  to  cover  the  orifice 
and  its  cork.  A  degree  of  exhaustion  was  instantly  pro* 
duced  in  the  internal  vessel,  and  in  the  two  double  eonett 
communicating  with  it.  The  double  cone  B  was  then 
wholly  immersed  in  a  tin  pan,  six  inches  deep,  and  8|  inches 
in  diatneter,  filled  with  cold  water  to  within  an  inch  of  its 
mouth.  This  water  weighed  ISOom*  6  dr.  40 gn  troy 
weight,  or  6S,800  grains.  Its  heat,  at  the  beginning  of 
the  experiment,  was  52*,  (say  61 .76^).  When  it  was  sup- 
posed a  sufficient  quantity  had  distilled  into  the  receiver 
B,  the  heat  of  the  water  in  the  refrigeratory  was  61%  con- 
sequently had  increased  0^,  (say  9v).  The  plug  at  D  was 
withdrawn,  and  the  air  admitted.  The  refrigeratory  was 
removed,  and  the  double  cone  B  being  wiped  dry,  its 
plug  was  withdra^U,  brtd  the  water  it  contained  let  out, 
its  heat  examined,  and  then  weighed.  The  heat  was  62^, 
and  its  weight  was  loz.  Mgrs.,  or  534  grains,  to  which 
6gr.  were  added  by  estimation,  for  water  adhering  to  the 
inside  of  the  cone ;  m  all,  640  grains.  The  heat  of  the 
water  in  the  balneum,  at  the  beginning  of  the  experiment, 
wa&  134%  and  at  the  end  158^;  consequently,  at  the  latter 
period,  about  one-third  part  of  air,  or  other  elastic 
vapour,  remained  in  the  still  and  receiver.  The  duration 
of  the  experiment  was  nine  minutes.    The  heat  of  the 
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chafing-dish  was  prevented  from  affecting  the  refrige 
tory  by  a  screen  of  bricks.  The  heat  of  the  air  in  the 
room  was  about  58^  The  double  cone  B  weighed  1000 
grains,  and  as  it  was  of  I3i^  of  heat  at  the  beginning,  and 
was  cpoled  to  62^  by  the.  refrigeratory,  it  lost  73^.  Its 
specific  gravity  was  probably,  about  seven  and  a  half  times 
that  of  water,  and,  consequently,  its  bulk  that  of  VV^=1S4.6 
grains  of  water,  and  its  capacity  for  heat  being  about 
three-fourths  of  that  of  the  same  bulk  of  water,  it  would 
contain  the  same  quantity  of  heat  as  about  101  grains  of 
water;  and  this  heat  not  being  communicated  by  the  con- 
densed steam,  contained  in  the  cone  at  the  end  of  the 
operation,  is  to  be  deducted  from  the  heat  acquired  by 
the  water  in  the  refrigeratory,  or,  which  is  the  same  thing, 
101  grains  are  to  be  deducted  from  its  weight. 
The  result  of  the  ejicperiment  may  be  stated  as  follows  i 

•    Oraimt, 

The  weight  of  the  water  in  the  refWgeratory 6^2800 

Deduct  101  grains,  as  the  equivalent  for  tbe  bulk  of  the 
cone    ^^ •*...: 101 

Remainder..  ••  68699 
Add  the  heat  absorbed  by  the  refVigeratory,  which  was 
of  tin  plate,  and  weighed  94i  ounces;  but  for  the 
wire  round  its  mouth,  and  other  parts  not  in  contact 
with  the  water,  Mr.  Watt  allowed  4^  ounces,  leaving 
'  80  onncesssin  bulk  to  about  1880  grains  of  water; 
but  its  capacity  for  heat  being  only  two-thirds  of 
that  of  water,  is  equal  only  to  980  grains  of  water, 
which  is  to  be  added  to  the  water  in  tiie  refrigeratory        980 

Total  weight  of  the  water,  &c  heated    63679 

Which  multiplied  by  9.85*'  the  heat  acquired 5890S0".75 

And  divided  by  the  weight  of  the  condensed  steam=s 

640 grains,  gives ,...     109O^79 

To  which,  adding  the  heat  retained    68« 

Gives  the  sum  of  the  sensible  and  latent  heat •  •     1 158^.79 

From  which,  deducting  the  average  sensible  heat  of  the 
steam • .' 140^ 

Gives  the  latent  heat  at  that  temperature  •  •  •  • 1006*.79 


The  following  Table,  by  Dr.  Ure,  exhibits  the  latent 
heat  of  vapours. 


OA8B«  I.IQCIFIBD  BY  PRB88XTRE.  351 


TABLE  VIII. 

Corrtcted  C«L 

Taponr  of  water,  at  its  boiling  point  • oar**  lOOiT 

A  Icohol,  8p.  gr.  R25 442  457 

Ether,  boiling  point  11 2«   908.4  312.9 

Petroleum 1 77.8  1 83.8 

Oil  of  turpentine 177.8  183.8 

Nitric  acid,  sp.  gr.  1.494,  boiling  point  165*  ....  532  550 

Liquid  ammonia*  sp.  gr.  0.978 • . .  837.3  865.9 

Vinegar,  sp.  gr.  1 .007 875.0  903 

Substances  in  the  state  of  gas  may,  by  simple  pressure 
and  the  abstraction  of  their  combined  heat,  be  reduced 
to  the  liquid,  or  even  to  the  solid  form.  Mr.  Faraday 
has  succeeded  in  condensing  the  carbonic  acid,  chlorine, 
ammoniacal,  and  several  other  gases,  into  perfect  liquids, 
by  great  mechanical  compression  and  artificial  refrigera« 
tion ;  and  several  of  those  substances,  which  exist  in  the 
liquid  state  under  the  ordinary  pressure  of  the  atmo- 
sphere, would  assume  the  gaseous  form,  if  that  pressure 
were  removed. 

On  investigating  this  subject  by  experiment,  it  is  found 
that  ether,  alcohiJl,  volatile  oils,  &c.  are  only  known  as 
liquids,  from  their  particles  being  kept  together  by  the 
pressure  of  the  atmosphere.  Any  of  these  substances,  or 
even  water,  relieved  from  such  pressure,  would  expand 
into  a.  vapour. 

The  dependance  of  the  three  forms  which  any  body 
may  assume,  of  solid,  liquid,  or  gaseous,  on  the  quantity 
of  heat  difi^used  among  its  particles,  has  been  already  no- 
ticed. The  efibct  of  accidental  pressure,  however,  must 
also  be  considered,  as  its  influence  is  very  important ;  for, 
while  heat  is  the  power  which  separates  the  atoms  in  the 
changes  mentioned,  it  has  to  overcome  both  the  mutual 
attraction  of  these  atoms,  and  the  force  of  the  atmosphere 
pressing  them  together,  if  in  an  open  vessel;  and  a  much 
greater  pressure  even  than  that,  if  the  substance  to  be 
separated  be  confined  in  a  close  vessel,  as  a  high-pressure 
boiler.  The  combined  influence  of  mutual  attraction  and 
atmospheric  or  mechanical  pressure,  is  illustrated  by  tho 


359  BOILING  WATBB  UNDER  P1IEB8UBK. 

progress  of  the  change  of  a  liquid  into  an  aeriform  fluid, 
in  the  process  of  boiling  and  evaporation. 

If  water,  in  a  suitable  yessel,  be  placed  over  a  common 
fire,  or  over  the  flame  of  a  lamp,  and  heat  be  gradually 
communicated  to  it,  small  bubbles  of  aeriform  matter 
(which  in  water  is  called  steam)  are  seen  forming  at  the 
bottom  of  the  vessel,  and  successively  rising  to  the  sur- 
face, where  they  disappear  by  mixing  with  the  atmo- 
sphere; and  the  operation  being  continued,  the  quantity 
of  water  diminishes  with  every  bubble,  till  it  entirely  dis- 
appears in  the  form  of  vapour. 

This  change  takes  place  in  water,  under  common  cir- 
cumstances, at  the  degree  of  heat  marked  812^ ;  in  other 
substances,  it  takes  place  at  other  fixed  temperatures* 
The  relation  of  water  to  heat,  therefore,  is  such,  that  at 
218^  the  repulsive  power  is  just  sufficient  to  overcome 
both  the  natural  attraction  of  its  particles  and  the  com- 
pressing force  of  the  atmosphere,  equal  to  about  fiileen 
pounds  on  every  square  inch.  If,  however,  the  pressure , 
of  the  atmosphere  be  diminished  or  removed,  a  less  degree 
of  heat  is  sufficient  to  make  the  water  boil;  and,  if  pres- 
wre  be  increased,  greater  heat  is  required*  This  becomes 
evident,  when  it  is  considered  that  water  boils  on  the  top 
of  Mont  Blanc,  at  a  temperature  SSt^  lower  than  at  the 
l|ottom,  being  free  from  the  pressure  of  the  air  below  the 
level  of  that  mountain*s  summit;  and  at  all  intermediate 
heights,  in  descending  to  the  level  of  the  sea,  there  is  a 
corresponding  increase  of  the  boiling  temperature.  In- 
deed, so  exactly  is  this  the  case,  that  the  heights  of  places 
are  ascertained  merely  by  observing  the  temperature  at 
which  water  boils  on  them*  While  water,  under  commoa 
atmospheric  pressure,  or  when  the  barometer  stands  at 
thirty  inches,  boils  at  SI?",  other  substances,  with  other 
rolations  to  heat,  hav«  their  boiling  points  higher  or 
lower,  as  will  be  seen  by  the  following  Table. 


•OIIiING  AND  FRECZING  TEMPERATURES.         333 

TABLE  IX. 

(SOLIDS  AND  LIQUIDS  VOLATILISED. 


Ether  boils « •     98 

Liquid  ammonia  boils 140 

OamphoT  sublimes 145 

Sulpnur  evaporates  •..  170 

Alcohol  boils  ..•• • 175 

Water  and  essential  oils  boil SIS 

Phosphorus  distils ••• • 819 

Solution  of  muriate  of  lime  boils 230 

Nitrous  acid  boils S4S 

Nitric  acid  boils,  ••••.. ••••.• 248 

White  arsenic  sublimes    283 

Metallic  arsenic  sublimes • .,  540 

Phosphorus  boils 554 

Oil  of  turpentine  boils  •• 816 

Sulphur  boils • 570 

Sulphuric  acid  boils  ..•••...•• 570 

Linseed  oil  boils,  and  si^phur  sublimes 640 

Mercury  boils • 644 

The  practical  engineer  will  find  a  convenience  in  hav- 
ing ready  reference  to  the  temperatures  at  which  liquids 
become  solid,  or  solids  Irquid,  and  with  that  view  the  fol- 
lowing Table  has  been  inserted. 


TABLE  X. 

Freezing  Temperatures  of  Liquids^  which  are  also  the  Melting  Pointe 

of  Solids. 

Strongest  nitric  acid .•• • — 55 

Ether  and  liquid  ammonia.  •  • ^-46 

Mercury •  •  •  — 39 

Sulphuric  acid • • • — 36 

Acetous  acid — it2 

Alcohol  2,  water  1 — 11 

gandy —7 
roDgest  sulphuric  acid 1 

Oil  of  turpentine *••... 16 

Strong  wines. » •.«. •      20 

Fluonc  acid 23 

Oils,  bergamot  and  cinnamon 23 

Human  blood   ••••• •• «....       25 

Vinegar 28 

Milk   30 

Oxymnriatic  acid • 32 

Water    32 

Olive  ort 36 

Snlphiiric  acid,  sp.  gr.  1.78 46 

16.  2  z 
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Oil  of  aniseed • 66  to  64 

Lard 97 

Phosphoras  •••• 90 

Myrtle  wax • 109 

Spermaceti  •  .^  •  •  •  • 112 

Tallow 117 

Bees*  wax    .• • • 149 

Bismuth  6  parts,  tin  8,  lead  2 212 

Sulphur 210 

Tin  and  bismuth,  equal  parts 283 

Camphor • 803 

Tin  8»  lead  2,  or  tin  9,  bismuth  1   834 

Tin   * • 427 

Tinljead4  ..*• 460 

Bismuth i..« ^ 476 

Liead > • r*.       682 

Zinc 4 680 

Antimony    .•••• • 809 

Brass    . . • « *...* 8809 

Copper ...^ 4587 

Silver 4717 

Gold • ...«• 6287 

Cobalt 17977 

Nickel ;.-..  20577 

Soft  nails 21097 

Iron • 21637 

Manganese ..«..  21877 

Platinum,  tungsten,  molybdena,  uranium,  titanium  23177 

It  18  in  consequence  of  different  substances  requiring 
different  degrees  of  heat  to  produce  repulsion  enough  to 
raise  their  particles  against  the  atmospheric  resistance,  that 
the  diatiller  is  enabled  to  separate  the  spirituous  from  the 
aqueous  particles  of  any  mixture.  At  180^,  for  instance, 
the  spirit  will  leave  the  water,  lind  pass  off  in  yapour, 
which  may  then  be  collected  and  condensed  in  a  fit  re- 
ceiver* Distillation  is  the  best  means  we  possess  of  sepa«- 
rating  many  substances  from  each  other;  as  spirit  from 
water,  water  from  acids,  water  itself  from  its  impurities, 
and  mercury  from  gold  which  it  has  served  to  dissolve 
from  among  the  impurities  of  the  mine. 

By  means  of  an  air-pump,  to  exhaust  the  air  on  one 
band,  and  of  the  condensing  syringe,  to  condense  it  on  the 
other,  all  the  fieicts  depending  on  the  atmospheric  pres- 
sure, and  its  increase  or  diminution,  may  be  familiarly 
illustrated.  Thus  water,  not  heated  by  several  degrees 
to  the  boiling  point  of  ordinary  low  situations,  but  which 
would  boil  at  the  top  of  high  mountains,  is  made  to  boiJ 
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imiDediately  under  the  receiver  of  an  air-pump,  on  the 
removal  of  pressure  by  a  few  strokes  of  the  piston ;  and, 
if  the  exhaustion  be  rendered  complete,  the  water  will 
boil  even  when  under  blood  heat;  and  at  any  tempera* 
ture,  however  low,  water  in  a  vacuum  assumes  rapidly 
the  form  of  vapour;  but,  in  such  cases,  without  exhibit- 
ing the  violent  agitation  of  boiling.  Other  liquids,  as 
spirits,  ether,  &c.  requiring  a  less  quantity  of  heat  to  sepa- 
rate their  atoms  to  repulsive  distances,  boil  under  the 
receiver  of  an  air-pump  at  very  low  temperatures.  Ether 
boils  when  as  cold  as  freezing  water. 

On  the  other  hand,  if  the  atoms  of  liquids  be  confined 
still  more  than  by  a  common  atmospheric  or  equivalent 
pressure,  seyerpl  degrees  of  heat  above  the  common  boil- 
ing point  will  be  required  to  separate  them.    In  a  diving 
bell,  immersed  in  water  sixty-eight  feet  below  the  surface, 
the  boiling  point  of  water  is  272^  instead  of  212^;  and  at 
all  other  depths,  it  varies  according  to  the  pressure.    At 
the  surface  of  the  earth,  if  water  be  heated  in  a  close  ves- 
sel, in  which,  by  condensation,  air  exerts  a  pressure  of 
thirty  pounds  on  the  inch,  instead  of  fifteen  pounds,  as  in 
the  ordinary  atmosphere,  or  from  which  the  steam  is  pre- 
vented from  escaping  until  it  has  acquired  the  force  of  a 
double  atmosphere,  the  heat  must  be  raised  in  a  corres- 
ponding proportion  beyond  212<*,  before  the  liquid  boils. 
Under  a  very  strong  pressure,  water  may  be  rendered 
almost  red  hot;  but  the  power  with  which  the  atoms  are 
then  tending  to  repel  each  other,  occasions  an  almost 
irresistible  force  of  expansion,  and  as  soon  as  the  pressure 
is  removed,  a  portion  of  it  flashes  into  steam  and  escapes, 
carrying  with  it  a  large  portion  of  water,  in  a  highly- 
divided  state. 

The  determination  of  the  elastic  force  of  steam  of  dif- 
ferent degrees  of  temperature,  is  of  the  greatest  import- 
ance to  the  practical  engineer,  and  the  subject  has  con- 
sequently undergone  much  investigation,  both  by  able 
mathematicians  and  accurate  experimentalists.  Mr. 
Creighton,  Mr.  •  Southern,  Dr.  Young,  Mr.  Tredgold, 
and  Mr.  Ivery,  have  severally  undertaken  the  inquiry. 
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witb^  view  to  deduee,  from  the  best  expeiimeats,  a  rule 
by  which  the  force  of  steam  at  any  tempera  tore,  or  the 
temperature  corresponding  to  any  giren  force  of  steam^ 
could  be  determined. 

The  following  rule,  given  by  Mr.  Tredgold,  is  more 
simple  than  any  of  the  others,  and  the .  correspondence 
between  its  results  and  the  best  experiments,  shows  it  to 
be  sufficiently  accurate  for  all  practical  purposes. 

The  temperature  in  degrees  of  Fahrenheit's  thermo« 
meter,  increased  by  100,  divided  by  177,  and  raised  to  the 
sixth  power,  will  give  the  force  of  the  steam  in  inches  of 
mercury;  thus- 
Let  the  given  temperature  be^07^  then  (^^^f'^^JSfi^ 
or  2.SxS.Sx8.3x2.Sx2Jx2.Sa-il48.035889,  the  force  of 
the  steam  in  inches  of  mercury,  which  corresponds,  within 
two  tenths  of  an  inch,  with  the  force  determined  experi-* 
mentally,  and  given  in  the  subjoined  table.  This  arith- 
metical computation  may  be  much  shortened  by  the  use 
of  logarithms,  for  the  difference  between  the  logarithm  ot 
the  given  temperature  increased  by  100,  and  that  of  177, 
being  multiplied  by  6,  will  be  the  logarithm  of  the  force 
of  the  steam,  thus — 

807+100=407    Log  =2.6095944 
177    Log.=2.2479738 

-3616211 
6 


Force  of  steam,  147.82    Log.  2.1697266 

This  is  about  J2  of  an  inch  less  than  the  other  result ;  a  dif- 
ference which  is  to  be  accounted  for,  from  3.3  being  some* 
what  greater  than  the  quotient  of  fff . 

When  the  foree  of  the  steam  is  given,  to  find  the  tem- 
perature, these  operations  of  course  must  be  reversed. 
The  logarithm,  for  instance,  of  the  force  of  the  steam  in 
inches  of  mercury,  divided  by  six,  and  increased  by  the 
logarithm  of  177,  will  be  the  logarithm  of  the  tempera- 
ture added  to  100. 

The  experiments  of  Mr.  Watt,  Mr.  Dal  ton.  Dr.  Robi- 
son,  Mr.  Southern,  Dr*  Ure,  Mr.  Arsherger,  and  Mr. 
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Riilip  Taylor,  have  all  been  of  great  service  in  deter* 
mining  this  question;  but  those  of  Mr.  Dallonand  Mr 
Taylor,  being  the  most  complete  and  extensive,  are  given 
in  the  following  Table,  the  first  part  of  which,  up  to  SIS^^ 
is  the  result  of  Mr.  Dalton's  experiments,  and  the  latter 
part  is  the  result  of  those  of  Mr.  Philip  Taylor*. 
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peraturt» 


h 

Fdreein 

15 

Force  in 

B 

Force  In 

P 

Force  in 

Inches  of 

Inches  of 

Inches  of 

Inches  of 

mercury. 

mercury. 

mercury. 

mercury. 

H 

H 

H 

H 

33 

0.200 

71 

0.745 

110 

2.53 

149 

7.23 

3d 

0.207 

72 

0.770 

111 

2.60 

150 

7.42 

34 

0.214 

73 

0.796 

112 

2.68 

151 

7.61 

35 

0.221 

74 

0.823 

113 

2.76 

152 

7.81 

36 

0.229 

75 

0.851 

114 

2.84 

153 

8.01 

37 

0.237 

76 

0.880 

115 

2.92 

154 

8.20 

38 

0.245 

77 

0.910 

116 

3.00 

156 

8.40 

39 

0.254 

78 

0.940 

117 

3.08 

156 

8.60 

40 

0.263 

79 

0.971 

118 

3.16 

157 

8.81 

41 

0.273 

60 

1.00 

119 

3.25 

158 

9.02 

42 

0.283 

81 

1.04 

120 

3.33 

159 

0.24 

43 

0.294 

82 

1.07 

121 

3.42 

160 

9.46 

44 

0.305 

83 

MO 

122 

3.50 

161 

9.68 

45 

0.316 

84 

1.14 

123 
124 

3.59 

162 

9.91 

46 

0.327 

85 

1.17 

3.69 

163 

10.15 

47 

0.338 

86 

1.21 

125 

3.79 

164 

10.41 

48 

0.350 

87 

1.24 

126 

3*89 

165 

10.68 

49 

0-362 

88 

1.28 

127 

4-00 

166 

10.96 

50 

0.S75 

89 

1.38 

128 

4.11 

167 

11.25 

51 

0.388 

90 

1.36 

129 

4.22 

168 

11.54 

52 

0.401 

91 

1.40 

130 

4.34 

169 

11.83 

53 

0.415 

92 
93 

1.44 

131 

4.47 

170 

12.13 

54 

0.429 

1.48 

132 

4.60 

171 

12.43 

55 

0.443 

94 

1-53 

133 

4.73 

172 

12.78 

56 

0.458 

95 

1.58 

134 

4.86 

173 

13.02 

57 

0.474 

96 

1.63 

135 

5.00 

174 

13.32 

58 

0.490 

97 

1.68 

136 

5.14 

175 

13.62 

59 

0.507 

98 

174 

137 

5.20 

176 

13.99 

SO 

0Ji24 

99 

1-80 

138 

5.44 

177 

14.22 

61 

0.542 

100 

1.86 

139 

5.59 

178 

I4.5*i 

62 

0.560 

101 

1-92 

140 

5.74 

179 

14.8b 

63 

0.578 

102 

1.98 

141 

5.90 

180 

15.15 

64 

0.507 

103 

2.04 

142 

6.05 

181 

15.50 

65 

0.616 

104 

2.11 

143 

6.21 

182 

15.86 

66 

0.636 

105 

2.18 

144 

6.37 

188 

16.23 

67 

0.655 

106 

2.25 

145 

6.53 

184 

16.61 

66 

0.675 

107 

232 

146 

6.70 

185 

17.00 

60 

0.698 

108 

2.39 

147 

6.87 
7.05 

186 

17.40 

70 

0.721 

109 

Z46 

148 

187 

17  80 
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Forca  in 

i. 

Fbrca  In 

*. 

R 

Forca  in 

|i 

Forca  Im 

inchat  of 

faichaaof 

Inchaaof 

Inchat  of 

mercury. 

marcury. 

narcary. 

mercury. 

H 

h 

h 

^ 

188 

18.20 

323 

36.30 

365 

64.40 

988 

110.^ 

189 

18.60 

223 

37.00 

366 

65.60 

389 

112.65 

190 

19.00 

224 

37.50 

357 

66.60 

390 

114.50 

191 

19.48 

335 

88.00 

358 

67.75 

301 

116.40 

192 

19.86 

336 

38.80 

359 

69.00 

393 

118.30 

193 

30.32 

337 

39.60 

360 

70.13 

303 

130.35 

194 

30.77 

328 

40.30 

361 

71.35 

304 

189.90 

195 

21.32 

239 

40.85 

363 

73.46 

906 

194.15 

196 

31.68 

sao 

41.55 

363 

73.59 

996 

196.05 

197 

22.13 

331 

43-35 

964 

74.80 

997 

198.00 

198 

22.69 

233 

43*00 

306 

76.00 

998 

199.80 

199 

23.16 

333 

43.75 

366 

77.35 

999 

131.09 

IMK) 

23.64 

234 

44.60 

367 

78.60 

300 

133.TO 

301 

24.12 

235 

45.60  X 

368 

79.80 

301 

135.60 

202 

24.61 

336 

46.40 

369 

81.14 

303 

137.55 

203 

26.10 

237 

47.30 

270 

83.60 

303 

139.75 

204 

35.61 

338 

48.30 

371 

83.90 

304 

141.90 

205 

26.13 

239 

49.10 

372 

86.45 

305 

144.05 

906 

26.66 

340 

50.00 

273 

86.95 

906 

146.15 

907 

27.20 

241 

60.90 

274 

88.50 

307 

148.30 

208 

27.74 

242 

61.75 

275 

90.00 

308 

150.65 

209 

28.29 

243 

53.63 

276 

91.65 

309 

153.70 

210 

28.84 

244 

53.50 

277 

9315 

310 

155.00 

211 

29-41 

246 

54.40 

378 

0470 

311 

157.90 

212 

30*00 

246 

66.30 

279 

96.36 

318 

159.4C 

213 

30-59 

247 

66.25 

380 

97.75 

313 

161.75 

214 

31.19 

248 

67.20 

281 

99.25 

314 

164.30 

215 

31.80 

249 

58.20 

382 

100.70 

315 

166.70 

216 

32.40 

2.50 

59.13 

383 

108.30 

316 

169.15 

217 

33.00 

251 

60.10 

384 

103-80 

317 

171.70 

218 

33  70 

262 

61.13 

285 

105.60 

318 

174.30 

219 

,     34.20 

253 

6216 

886 

107.30 

319 

176.80 

220 

~    35.00 

254 

63*20 

387 

109.00 

320 

179.40 

231 

35.60 

The  foregoing  rules  and  table  apply  only  when  pare 
water  is  used,  and  as  there  are  numerous  instances  in 
which  engines  are  worked  by  steam  from  salt  water,  it 
becomes  necessary  for  practical  men  to  have  the  means  of 
readily  determining  the  elastic  force  of  steam  from  water 
impregnated  withi  different  proportions  of  salt.  The  pro- 
portion of  salt  in  a  boiler  supplied  with  sea  water,  will 
continue  to  increase  during  the  evaporation,  until  the 
water  becomes  saturated,  and  contains  H  of  salt;  when 
the  elastic  force  of  the  steam  at  the  temperature  of  907* 
will  be  113.38,  which  is  less  by  34.44  inches  of  mercury^ 
than  the  force  of  steam  from  pure  water,  as  calculated 
at  page  3&6. 
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To  facilitate  the  computations  of  the  force  of  steam 
from  water  of  different  degrees  of  saltness,  a  table^  with 
the  boiling  temperature,  and  the  constant  numbers  to  be 
used  as  divisors  instead  of  177,  is  subjoined.  The  propor- 
tion of  saltness  can,  in  all  cases,  be  obtained  from  the  spe- 
cific gravity  of  the  water. 


TABLE  XII. 

Ea^ihiHng  the  Xemperature  at  which  Water  containing  different  propor* 
iunu  of  Salt  boils,  and  the  Numheri  to  he  need  m  calculating  the  force 
'  of  Steam  therefrom. 


Number  for 

Proportion  of  salt. 

Boiling  points. 

calculating. 

Common  water.  •  •  • 

212* 

177 

Sea  water,  .  .  .  .  ^ 

213.2 

177.6 

A 

214.4 

178.3 

A 

215.5 

179 

A 

216.7 

179.7 

A 

217.9 

180.4 

A 

219 

181 

A 

220.2 

181.6 

h 

221.4 

182.3 

ff 

222.5 

183 

U 

22S.7 

183.6 

H 

224.9 

184.3 

Saturated  solution  ii 

226 
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On  the  subject  of  the  conducting  powers  of  different 
bodies  for  heat.  Colonel  Sir  B.  Thompson  and  M.  Des- 
pretz  have  made  many  experimepts.  In  examining  the 
conducting  power  of  air,  and  of  various  other  fluid  and 
solid  bodies,  with  regard  to  heat,  the  Colonel  was  led  to 
investigate  the  conducting  power  of  a  Torricellian  va- 
cuom.  From  the  striking  analogy  between  the  electric 
fluid  and  heat,  respecting  their  conductors  and  non-con- 
ductors, (having  found  that  bodies  in  general,  which  are 
conductors  of  the  electric  fluid,  are  likewise  good  con- 
ductors of  heat ;  and,  on  the  contrary,  that  electric  bodies, 
or  such  as  are  bad  conductors  of  the  electric  fluid,  are 
likewise  bad  conductors  of  heat,)  he  was  led  to  imagine 
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that  the  Torricellian  vaeaum,  which  is  known  to  afford 
so  ready  a  passage  to  the  electric  fluid,  would  also  have 
afforded  a  ready  passage  to  heat.  The  common  experi- 
ments of  heating  and  cooling  bodies  under  the  receiver  of 
an  air*pump,  he  concluded  inadequate  to  determine  this 
question,  not  only  on  account  of  the  impossibility  of 
making  a  perfect  void  of  air  by  means  of  the  pump,  but 
also  on  account  of  the  moist  vapour  which,  exhaling 
from  the  wet  leather  and  the  oil  used  in  the  machine,  ex- 
pands under  the  receiver,  and  fills  it  with  a  watery  fluid, 
which,  though  extremely  rare,  is  yet  capable  of  conduct- 
ing a  great  deal  of  heat;  he  had  recourse,  therefore,  to 
other  contrivances 

It  appears  that  the  Torricellian  vacuum,  which  affords 
so  ready  a  passage  to  the  electric  fluid,  so  far  from  being 
a  good  conductor  of  heat,  is  a  much  worse  one  than  com- 
mon air,  which  of  itself  is  reckoned  among  the  worst :  for, 
when  the  bulb  of  the  thermometer  was  surrounded  with 
air,  and  the  instrument  was  plunged  into  boiling  water, 
the  mercury  rose  from  18*  to  27%  in  45  seconds;  but  in  the 
former  experiment,  when  it  was  surrounded  by  a  Torri- 
cellian vacuum,  it  required  to  remain  in  the  boiling  water 
1  minute,  SO  secondfl—OO  seconds,  to  acquire  that  degree 
of  heat.  In  the  vacuum,  it  required  five  minutes  to  rise 
to  4&1V9  but  in  air  it  rose  to  that  height  in  2  minutes  40 
seconds;  and  the  proportion  of  the  times  in  the  other  ob- 
servations was  nearly  the  same. 

It  appears  from  other  experiments,  that  the  conducting 
power  of  air  to  that  of  the  Torricellian  vacuum,  under 
the  circumstances  described,  is  as  1000  to  702,  nearly;  for 
the  quantity  of  heat  communicated  being  equal,  the  in- 
tensity of  the  communication  is  inversely  as  the  times. 

By  others,  it  appears  that  the  conducting  power  of  air 
is,  to  that  of  the  Torricellian  vacuum,  as  9^  to  16|f  in- 
versely, or  as  1000  to  G03. 

Taking  now  the  conducting  powers  of  mercuryeslOOO* 
the  conducting  powers  of  the  other  media,  as  determined 
by  these  experiments,  will  be  as  annexed,  viz. 
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Mercury lOOO 

MoiBt  air * S30 

Water • 842 

Common  air,  density = I   80f 

Rarefied  air,  density*-! • .•^.•..  8^1 

Rarefied  air,  densityss^    •••• ^«  7S 

The  Torricellian  vacauro. •  •••••• • 66 

And  IB  these  proportions  is  the  qotthtity  (yf  hemt  v'hieh 
vhese  different  medias  are  capable  of  transmitting  iii 
any  gi^en  lime}  and,  consequently,  these  nnmbers  Ex- 
press the  f elatire  sensible  temperatures  of  the  media,  as 
ivell  as  their  oonduetisg  powers. 

Comparative  Power  of  various  Substances  far  conducting 

Heat. 

From  a  series  of  experiments  very  carefully  conducted, 
M.  Despretz  has  obtained  the  following  results. 

Gold    1000.0 

Silver 97^.0 

Plalhia   i 9BK.0 

Copper    •••«• 69&8 

Iron 374.3 

Zinc 363.0 

Tin 30ad 

Lead    179.6 

Marble    23.6 

Porcelatn    • i .- 12.9 

Fire  brick« •• ••••••  11.4 

AX\  the  bats  used  were  flquar^  pri^mi.  Cavities  were 
made  in  them  at  equal  distances  of  10  centimetre^,*  to  re-' 
ceive  the  bulbs  of  small  thermometers.  The  side  of  thel 
section,  except  for  the  two  last  bodies  in  the  list,  was 
equal  to  21  millimetres.t  The  bars  #^r6  covered  with  the 
s»me  ramish,  to  give  fhem  an  ^ual  radiuting  po^er. 
The  bar  egcperimented  with,  was  healed  at  one  extremity 
with  ji  small  stove,  whieh  had  the  advantage  Of  being 
governed  readily,  and  of  causing  but  little  heat  in  the 
frtace.  The  temperature  of  the  air  was  ascertained  by 
a  sensible  thermometer,  and  it  was  found  easy  to  make  it 

*  A  centimetre  iii=-,39371  of  an  English  inch, 
t  A  millimetre  iB^^.03937  ditto. 

16.  3  A 
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nearly  uniform  for  the  whole  of  an  experiment.  Each 
experiment  continued  six  hours,  and  it  was  only  after  two 
or  three  hours  that  all  the  thermometers  became  sta- 
tionary. The  thermometer  nearest  to  the  source  of  heat 
acquires  the  temperature  at  which  it  is  to  be  retained 
stationary,  and  then  the  heat  is  managed  so  that  it  shall 
not  rise  nor  fall  by  that  instrument  until  the  experiment  is 
finished. 

Wood  conducts  so  feebly,  that  a  bar  of  21  millimetres 
does  not  become  sensibly  heated,  a  few  centimetres  from 
one  of  its  extremities,  so  far  raised  in  temperature  as  to 
carbonise  the  substance. 

Heat  in  Flues. 

Numerous  experiments  have  lately  been  made  in 
France,  for  ascertaining  the  laws  regulating  the  rapidity 
with  which  hot  air  passes  through  flues,  &c.  The  results 
appear  to  be, — first,  that  flues  oppose  to  the  passage  of 
hot  air,  a  resistance  proportioned  to  the  length  of  the 
pipe,  the  square  of  the  rapidities,  and  in  an  inverse  ratio 
to  the  diameter: — secondly,  that  the  co-efficient  of  fric- 
tion, is  not  the  same  with  reference  to  different  sub- 
stances : — thirdly,  that  by  narrowing  the  inferior  orifice 
of  a  flue,  the  body  of  air  passing  through  diminishes 
solely  in  proportion  to  the  diameter  of  the  orifice,  and, 
consequently,  that  the  rapidity  in  the  orifice  itself,  in- 
creases in  an  inverse  ratio  to  its  diameter.  The  two  last 
results  are  capable  of  numerous  applications  to  the  useful 
arts. 

It  now  appears,  that  the  diameter  of  the  chimney  is 
t|lso  a  powerful  element  in  draught;  limited,  when  the 
superior  orifice  is  fixed,  indefinite  when  it  is  not  so;  and 
this  element  costs  very  little  expense. 


MODS  OV  UBATINQ   U01LER8.  963 


SECTION  II. 

ON  STEAM  EirOINE  BOILER& 

It  is  a  current  opinion  among  engineers,  Chat  so  much 
has  already  been  done  towards  perfecting  the  steam  en* 
gine,  that  there  remains  very  little  more  to  effect  in  its 
improvement,  and,  consequently,  that  the  efforts  of  the 
mechanic  and  the  man  of  science  would  be  more  profitably 
directed  towards  improving  the  construction  of  the  boiler, 
or  apparatus  for  generating  the  steam. 

As  steam  appears  to  be  simply  water  in  a  highly  rare« 
fied  state,  produced  by  the  repul»ve  power  of  heat  in- 
sinuating itself  between  its  particles,  it  follows  that  a 
given  quantity  of  heat  can  only  convert  a  given  quan- 
tity of  water  into  steam,  no  matter  under  what  form  of 
apparatus  the  heat  be  applied,  provided  it  be  made  to 
enter  the  water.  That  boiler  is  therefore  the  best  for 
general  purposes,  in  which  the  least  portion  of  the  heat 
given  out  by  the  fuel  is  wasted;  or,  (in  other  words)  that 
by  which  the  greatest  quantity  of  heat  is  made  subservient 
to  the  production  of  steam.  But  as  a  draught  of  air 
through  the  grate  to  the  chimney  is  necessary  to  combus- 
tion, some  loss  of  heat  from  this  cause  appears  to  be  un- 
avoidable ;  and  to  reduce  this  loss  to  its  minimum,  ought 
to  be  one  of  the  principal  objects  in  the  construction  of  a 
steam  boiler.  This  object  is  best  attained  by  causing  as 
much  as  poteible  of  the  heated  air  to  impinge  upward  on 
the  under  surface  of  the  boiler;  as,  from  the  tendency  of 
heat  to  rise,  the  lateral  effect  of  it  is  very  little,  and  the 
downward  effect  still  less: — these  remarks,  however,  only 
apply  to  boilers  of  the  common  forms. 

Now,  as  the  heat  is  to  be  transmitted  through  the  sub- 
stance of  the  boiler  to  the  water,  it  is  of  essential  import- 
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ance  that  the  material  of  which  the  boiler  is  constructed 
should  be  the  best  conductor  of  caloric ;  for  this  reason, 
copper  is  greatly  superior  to  iron,  but  the  latter  generally 
obtains  a  preference  on  account  of  its  smaller  cost ;  and 
possibly,  with  some  persons,  on  the  ground  that  iron 
possesses  greater  tenacity  or  cobesire  strength  than 
copper. 

We  are,  however,  disposed  to  think  thi^  true  economy 
would  be  best  attained  by  the  employment  of  copper 
boilers,  for  fevefal  reasqp^.  V^ff9ty  w  reqpect^  the  cost 
prke;  (be  lal^nr  of  workifig  copper  W^  iron  being 
naarly  alike,  peed  npt  bf  takep  iqto  account;  the  differ«- 
enee  of  c^Mst,  therefore,  Ues  only  in  the  relative  value  of 
the  two  net»)8,  Ibp  iron  being  tWQ^peace  p^r  pound  and 
the  copper  twelfCHpeace.  But  when  an  iron  boiler  19 
worn  out,  the  old  metal  is  scarcely  worth  the  expense  of 
removal,  while  the  old  metal  of  a  copper  boiler  is  worth 
tea-penee  per  pound  (Iwo-pence  per  pound  being  the 
price  charged  a|  the  mills  for  converting  pld  copper  into 
new);  teotpence  per  pound  being  thus  returned  to  the 
pur^haser^  thie  money  actually  simk  is  not  more  than  in 
Ike  case  of  the  iron* 

The  expiefrioieiits  of  various  philosophers  have  shown 
tba.(  iron  p9Si9es9es  greater  cohesive  strength  than  popper; 
the  leverage  pf  their  calci^latioQs  (as  they  Ti^ry  coosidera«> 
bly,)  will  make  the  difference  of  strength  about  oiie*thir4; 
but  owing  to  the  greater  uniformity  of  the  cryatalliae  or 
fibrous  arraogement,  and  greater  freedom  from  flaws, 
copper  is,  to  a  certain  es^tent,  more  to  be  depended  upon 
than  iron  plates,  in  the  state  tkey  pre  received  from  tk? 
mills,  At  leaat,  tkisi  view  of  the  s-Mbject  is  entertained 
and  acted  upon  by  mai^ufacturerf^  who  uniformly  make 
copper  bcalefa  of  much  ^iaMier  plales  tka*  those  of  ire^, 
for  producing  steam  of  the  same  presswe.  Experience 
has,  we  believe,  eodabliahed  this  qa  p  rude,  probebly  froie 
observing  that  whe4i  ^  copper  boiler  bursts^  it  only  <ew# 
opeuy  while  a  wrougkt-iron  boiler  ia  dtien  bioum  topko9%t 
destroying  every  thing  in  its  way ;  this  circumstance  re- 
duces the  first  cost  of  the  copper. 
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By  R  reference  to  the  table  of  the  comparative  cod» 
ducting  power  of  various  substances,  at  page  361,  it  will 
lie  seen  that  the  advantages,  in  this  respect,  of  copper,  are 
so  great  as  to  entitle  it  to  a  decided  preference ;  espe* 
oially  for  locomotion,  in  which  a  reduction  of  bulk  and 
weight  is  of  the  utmost  value.  An  iron  boiler,  of  the  mum 
thickness  as  a  copper  one,  will  require  more  fuel  to  pro* 
duce  the  «fame  eiEect  or  quantity  of  steam  in  a  given  time; 
for  it  is  evident  that  a  portion  of  the  heated  matters  that 
impinge  upon  the  surftice  of  a  copper  boiler  is  not  taken 
up  by  it,  and  as  the  conducting  power  of  iron  is  less,  a 
greater  quantity  of  the  products  of  the  fuel  must  pass  oiF 
misapplied,  or  wasted.  Although  we  are  furnished  with 
the  ratio  of  the  conducting  powers  of  the  two  metals, 
we  are  still  unable  to  estimate  precisely  their  relative 
practical  advantages;  for,  if  the  time  which  elapses  be« 
tween  the  heated  air  impinging  against  the  bottom  of  the 
boiler,  and  its  entering  the  chimney,  be  greater  than  the 
time  which  the  caloric  would  occupy  in  passing  through 
an  iron  boiler,  it  follows  that  the  effects  would  not  be  in 
the  same  ratio  as  the  conducting  powers  of  the  m^als. 

The  rupturing  of  vessels  exposed  to  heat  is  owing  not 
nnfrequently  to  the  unequal  expansion;  and  for  that 
reason,  the  thicker  their  substance,  the  greater  their  lia- 
bility to  fracture.  The  thin  glass  oiKflask  withstands  the 
heat  of  an  argand  lamp,  but  thick  glass  vessels  infallibly 
break ;  this  arises  from  glass  being  nearly  the  worst  con- 
ductor of  heat,  the  heated  part  expanding,  while  the  cool 
parts  do  not,  a  separation  takes  place.  Cast-iron  boilers 
often  burst  from  the  same  camse;  wrought-iron  boilers, 
being  better  conductors  of  heat,  are  safer  than  ca&t-iron ; 
and  copper  boilers  are,  for  the  same  reason,  preferable  to 
wrought-iron.  Our  limits  prevent  us  from  entering  so 
fully  into  these  points  as  we  cculd  wish,  but  the  advan- 
tages of  copper  boilers  over  iron  are,  we  think,  sufficiently 
apparent,  from  the  foregoing  considerations. 

In  the  construction  of  boilers  generally,  the  bottom  sur« 
fare  should  be  of  sufficient  extent  to  be  capable  of  ab- 
Borhing  as  much  heat  as  will  be  necessai^y  to  produce  the 
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required  quantity  of  steam;  what  little  heat  may  be  given 
out  laterally,  serving  to  prevent  condensation  in  the  upper 
part  of  the  vessel  (or  vessels)  ^  and  the  smoke^  before  it 
passes  up  the  chimney,  should  be  robbed  as  much  as  pos- 
sible of  its  heat,  by  being  brought  into  contact  with  the 
conduit  pipe,  by  which  the  boiler  is  supplied  with  cold 
water. 

There  is  a  considerable  waste  of  fuel  in  producing 
steam  by  intensity  of  heat  upon  a  small  surface;  the  ap- 
plication of  a  moderate  heat  (80O  Fahrenheit)  upon  a 
large  surface,  being  far  more  economical.  A  cubic  foot 
of  water  converted  into  steam  per  hour,  has  been  reckoned 
as  equivalent  to  one  horse's  power ;  and  Mr.  Watt  has 
observed,  that  this  quantity  of  steam  could  be  raised  per 
hour  by  eight  feet  of  surface  of  boiler,  in  a  judiciously 
constructed  furnace.  In  practice,  it  is  usual  to  allow 
from  four  to  five  feet  of  bottom  surface  of  boiler,  to  i*aise 
one  cubic  foot  of  water  into  steam  per  hour. 

It  is  considered  essential  that  a  boiler  should  contain 
four  or  five  times  as  much  water  as  it  boils  off.  per  hour; 
and  it  is  obvious  that  it  should  have  a  space  above  the 
water,  capable  of  containing  as  much  steam  as  will  supply 
the  engine  at  each  stroke,  without  materially  diminishing 
its  elastic  force;  for  this  purpose,  the  steam  room  should 
hold  a  volume  equal  to  the  supply  of  eight  or  ten  strokes 
of  the  engine. 

In  large  engines,  it  is  usual  to  employ  two,  three,  or 
more  boilers  to  supply  them  with  steam ;  one  of  them  be- 
ing reserved  for  use,  in  case  of  repairs  being  required  to 
the  others.  In  fact^  a  spare  boiler  should  be  provided^ 
wherever  stoppages  are  of  serious  importance  in  a  con- 
cern ;  for  this  reason,  there  are  two  boilers  to  only  a  ten- 
horse  engine,  at  the  London  Portable  Ga^  Works,  each 
boiler  being  used  alternately. 

The  strength  of  high-pressure  boilers  should  be  at  least 
three  times  the  regulated  pressure  on  the  safety  valve ; 
for  low-pressure  boilers,  a  strength  equal  to  twice  the 
pressure  on  the  safety  valve  may  be  deemed  sufficient. 

There  are  many  other  circumstances,  in  the  constructioa 
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of  B  boiler,  that  sliould  be  taken  into  eoneideratinn ;  but 
as  the  limits  of  tliia  treatise  preclude  our  enlarging  upon 
this  head,  we  refer  the  inquisitive  reader  to  Mr.  Tred- 
gold  's  excellent  work  on  the  ateam  engine,  where  the  sub- 
ject is  very  ably  treated. 

Upon  the  form  of  boilers  much  of  their  strength  de- 
pends; this  circumstanccj  as  well  as  many  others^  will  be 
considered  in  the  descriptions  of  a  variety  of  new  contri- 
vances for  generating  steam,  contained  in  the  following 
pages.  In  the  early  part  of  this  work,  the  globular,  the 
semi-spherical,  the  cylindrical,  the  wa^on-shaped,  and  a 
variety  of  other  forms,  have  been  duly  noticed  along  with 
the  accounts  of  the  steam  engines  to  which  they  formed 
appendages.  Those  that  follow,  posseab  fair  claims  to  at- 
tention, either  as  matter  of  history,  or  for  their  intrinsic 
merit.  As  it  would  be  a  needless  task  to  class  them,  we 
have  simply  arranged  them  in  the  order  of  their  dates, 
concluding  the  description  of  them,  with  a  few  brief  cri- 
tical remarks  on  their  properties. 

(  .) 


(Patent  Steam  Engine  Boiler,  by  Horton  and  /VsAer,  qf 
Birmingham.    1993.) 

The  peculiarity  in  this  invention  seems  to  consist  in  the 
placing  of  a  reservoir  for  the  steam  generated,  within  the 
boiler;  which  steam,  being  constantly  surrounded  with 
hot  water,  loses  none  of  its  heat  by  radiation.    These 
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boilers  tlie  applicable  lo  either  high  or  loif^  prenv^e  ed* 
gines,  with  such  modifications  of  their  tbrm^  and  in  the 
strength  of  the  BflLterialsi  as  the  case  may  require. 

Fig.  1  represents  a  longitudinal  section  of  the  boiler, 
and  fig.  2  a  transverse  vertical  section  of  the  same.  The 
letters  of  reference  apply  to  the  same  parts  in  each  of  the 
figures. 

a  a  a,  figs.  1  and  2,  show  the  external  form  of  the 
boiler,  round  which  the  furnace  and  flues  are  to  be  con* 
structed ;  b  bbis  the  internal  vessel,  or  reservoir  for  con- 
taining the  steam  generated ;  e  c  exhibits  that  part  of  the 
boiler  that  is  filled  with  wafer,  which  is  repleilished  by 
means  of  the  tube  o  o,  from  another  reservoir  placed 
above.  The  heat  having  caused  the  steam  to  fill  the 
upper  part  of  the  boiler  dil,  it  passes  from  thence  through 
the  bent  tube  e  e,  into  the  steam  reservoir  b  b  belOw,.from 
whence  it  is  conveyed  to  the  engine,  through  the  tube  e. 

At  the  upper  part  of  the  tube  e,  at  n,  ft  safety  valve  is 
placed,  for  regulating  the  fofce  of  the  steam.  At/  is  a 
cock  for  drawing  off  whatever  water  may  be  formed  in 
the  steam  reservoir,  and  under  this,  at  it,  is  an  aperture 
for  cleaning  out  the  boiler :  /  /  are  man  holes  for  gaining 
access  into  the  interior^  whenever  necessary. 

The  boiler  is  of  a  novel  and  ingenious  construction, 
and  as  it  has  doubtless  been  put  in  practice  by  the  paten- 
tees, who  are  large  manufacturers  of  steam  boilers,  it  may 
deserve  investigation,  to  determine  bow  fiir  the  exposure 
of  that  portion  of  the  boiler  containing  the  water  to  the 
loss  of  heat  by  radiation,  »  supeHor  to  the  exposure  of 
the  portion  containing  the  steam. 

Patent  Capillary  Steam  BoUersy  by  John  Theodore  Pam. 

London^  18U. 

The  superior  strength  and  safety  of  tubular  boilers 
have  led  to  a  great  variety  of  applications  of  the  principle, 
both  at  home  and  abroad.  That  which  we  have  now  to 
describe  is  the  invention  of  a  native  of  Geneva,  and  we 
understand  that  it  has  been  advantageously  applied  to  the 
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working  of  an  engine;  but  we  are  not  in  possession  of  any 
authentic  data  by  which  we  can  come  to  a  conclusion 
of  its  practical  merits :  the  arrangement  of  this  patentee 
is,  however,  deserving  of  a  brief  description^  especially  as 
we  have  noticed  patented  inventions  of  a  later  date,  hav- 
ing a  close  resemblance  to  this. 

Mr.  Paul  employs  a  long  copper  (or  other  metal)  pipe 
of  small  diameter^  coiled  round  the  inside  of  the  furnace 
into  a  conical  figure,  within  which  the  fuel  is  situated. 
The  interior  of  the  furhace  thus  constructed,  is  enclosed 
by  a  casing  of  sheet  iron,  with  flanges  fixed  round  tl^e  iiir 
terior  for  supporting  the  coils  of  pipe,  a  portion  of  which 
is  so  bent  as  to  form  a  kind  of  grating,  on  which  the  fuel 
is  laid.  The  fuel  is  supplied  through  the  upper  par«t  of 
the  cone  where  the  smoke  escapes,  or  it  may  be  by  a|:i 
aperture  made  in  the  side  of  it,  between  the  coils,  Cor  that 
purpose.  The  casing  may  be  single  or  double ;  the Jfitte^r 
i^  preferable,  where  the  increased  weight ,  of  the.,  appi^* 
ratus  is  not  an  objection,  in  which  the  space  heVweewibp 
two  cases  is  filled  with  bricked ust,  ashes,  orfanyothc^. 
slow  conductor  of  heat.  When  the  single  case  only  is 
used,  it  is  to  be  coated  by  substances  of  a  similar  .naturf, 
to  prevent  the  radiation  of  heat.  .  .5/ 

When  the  fuel  is  ignited,  and  the  pipes  Rpp  heated  tp 
redness,  the  water  is  injected  by  a  force  puraj^.i^^iiucji 
small  portions  as  to  cause  it  to  be  immediately  cpnv^ted 
into  steam,  which  steam  receiving  a  continual  accession  of 
heat  in  its  revolutions  round  the  furnace,  escapes* ulti- 
mately at  the  other  extremity,  at  a  very  high  temperature, 
in  which  state  it  enters  the  engine.  The  boiler  we  havo 
now  described,  the  patentee  designs  for  general  pui*pe«es. 

For  locomotive  carriages,  Mr.  Paul  puicposes  to  con* 
struct  a  coiled  tubular  boiler  of  a  different  form.  Tliis 
may  be  described  as  the  upper  and  lower  frustrum  of  the 
same  hoHo w  cone ;  the  base  of  the  latter,  which  is  the 
largest,  is  placed  upwards,  and  the  former  is  placed  within 
it,  with  its  base  or  broadest  end  downwards.  As  the 
upper  parts  of  these  frustra  of  the  cone  now  diverge 
from  each  other,  and  their  lower  edges  are  in  contact,  it 
16.  3  b 


370  8MITU*8  BOILER. 

18  easy  to  conceive  this  figure  to  be  formed  of  one  conti<* 
nuous  coiling  of  the  same  pipe ;  this  furnace  b  supported 
by  a  circular  frame  work,  or  enclosed  in  a  case  formed 
of  non-conducting  materials.  The  interior  cone  of  pipes 
rises  to  about  two^thirds  of  the  height  of  the  exterior,  and 
the  fuel^  which  is  supplied  by  an  air-tight  box,  is  heaped 
up  between  them ;  the  ashes  pass  through  a  hollow  in- 
Terted  cone,  into  a  receptacle  beneath.  Air  is  supplied 
to  the  fuel  by  means  of  a  pipe  passed  through  the  ash- 
hole,  apd  the  force  of  the' current  increased  by  the  action 
of  bellows. 

In  this  form  of  boiler,  the  water  should  be  injected 
from  the  upper  extremity,  and  having  descended  to  the 
lower,  ascend  the  interior  cone,  receiving  an  increased 
degree  of  heat,  until  it  escapes  at  the  upper  extremity  of 
the  latter,  in  the  state  of  highly-compressed  steam.  For 
an  engine  of  two-horse  power,  the  patentee  purposes  a 
tube  of  150  feet  in  length,  with  an  internal  diameter  of 
only  three  sixteenths ;  thickness,  one  sixteenth ;  making  the 
external  diameter  only  five  sixteenths  of  an  inch.  Engines 
of  greater  power  to  have  tubes  of  proportionably  greater 
dimensions. 

Mr.  Joseph  Buchanan,  of  the  United  States,  invented, 
constructed,  and  published,  at  about  the  same  period  of 
time,  a  description  of  a  boiler  of  precisely  the  same  kind 
as  the  foregoing.  Both  the  inventions  are  probably  ori- 
ginal, and  the  inventors  are  also  entitled  to  the  credit  of 
having  introduced  capillary  boilers,  which  will  be  found 
a  great  convenience  wherever  they  raise  sufiicient  steam. 
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This  boiler  is  a  modification  of  a  steam  apparatus  first 
iotroduced  by  the  patentee  for  the  evaporation  of  sugar, 
salt,  &c.  The  former  invention  consisted  in  the  applica- 
tion of  the  lower  vessel  (  alone ;  the  engraving  represents 
it  in  section,  and  the  figure  of  it  is  supposed  to  be  a  paral- 
lelogram. The  top  and  bottom  of  this  vessel  are  strongly 
tied  together  by  means  of  screw  bolts,  which  are  placed 
at  about  nine  inches  apart  over  its  whole  space,  and  thus 
great  strength  is  obtained  in  a  boiler,  with  the  advantages 
of  very  thin  metal,  by  which  the  heat  is  more  readily 
transmitted.  The  water  was  supplied  to  this  vessel  by 
means  of  a  pipe  and  funnel;  it  had  a  guage  cock  for 
ascertaining  the  depth  of  water,  and  two  drawing  off 
cocks;  a  safety  valve/  was  likewise  attached,  with  a  varia- 
ble weight. 

The  present  invention  consists  in  adding  to  the  part 
already  described  the  upper  vessel  a,  which  is  constructed 
in  the  same  manner  as  the  lower  one ;  but  so  that  the 
upper  part  of  the  lower  one  forms  the  bottom  of  the 
upper  one,  or,  as  it  were,  a  partition  e  between  them.  A 
pump  supplies  the  boiler  with  water;  at  the  other  end 
are  placed  two  guage  cocks,  also  a  safety  valve  jjf,  loaded 
with  a  variable  weight,  to  regulate  the  pressure. 

About  two  inches  deep  of  water  are  put  into  the  Jower 
vessel,  and  the  other  being  half  filled,  the  fire  is  lighted^ 
which  quickly  raises  the  water  in  the  lower  vessel  to  ebul- 
lition, the  stream  of  which  acts  upon  the  lower  surface  of 
the  upper  boiler,  giving  out  its  heat  to  the  water  con- 
tained therein ;  but  becoming  itself  thereby  condensed,  it 
falls  back  in  a  shower  into  the  boiling  water  below,  and 
being  thus  alternately  vapourised  and  condensed,  sufficient 
heat  is  given  off  to  the  contents  of  the  upper  vessel,  to 
convert  that  into  a  steam  chamber  of  a  uniform  tempera- 
ture,  and  of  any  required  degree  of  pressure.  The  steam 
is  conveyed  from  the  upper  vessel,  along  the  pipes  e  e,  to 
actuate  the  engine. 

As  by  this  apparatus,  two  shallow  strata  of  water,  sepa- 
rated by  very  thin  metallic  plates,  are  exposed  to  the 
direct  action  of  heat,  the  transmission  of  it,  and  the  con- 
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version  of  the  water  into  steamy  is  very  rapid ;  conse- 
quently, a  1)oiler  oF  this  kind  j  might  be  found  desirable 
for  atii  engine  where  stoppages  are  frequent.  The  expense 
of  one  of  these  vessels  tnust,  we  thtnk,  be  greater  than  an 
ordinary  boiler  of  equal  capacity,  on  account  of  the 
]abdui*'att&nding  the  inaking  of  so  many  joints  steam-tight, 
and  th^  iTilbsequent  difficulty  of  keeping  them  so. 


Patent  method  of  changing  the  Water  in  Steam  Engine 
.  Boilers^  by  Messrs.  Mandslay  and  Field^  of  Westminster 
Bridge  Road,  1824. 

On  account  of  the  great  deposition  of  salts  and. earthy 
matter,  chiefly  calcareous,  on  the  bptto^p  and  sides  of  the 
boilers,  when  sea  water  is  employed  for  the  production  of 
steam,  the  patentees  (who  are  eminent  steam-engine  ma- 
nufacturers) have  proposed  ah  arrangement  of  apparatus, 
applicable  to  steam  boats,  by  which  the  water  is  conti- 
nually being' changed,  and  by  that  means,  obviatiss  a  great 
practical  incoriveixience.  at  present  existing.  In  making; 
long  voyages,  the  boilers  sometimes  become  so  charged 
with  brine,  as  to  render  it  expedient  to  stop  the  progress 
of  the  vessel,  in  order  to  discharge  the  contents  of  the 
boilers,  and  fill  them  anew  with  sea  water;  for,  if  thei 
heat  be  continued  after  a  considerable  deposition  has 
taken  place,  the  steam  can  only  be  raided  by  a  gr^at|y 
increased  expenditure  of  fuel,  and  the  augmentation  of 
the  heat  seriously  injures  the  tenacity  of  the  metal,  of 
which  the  boilers  are  composed. 

The  patentees  state,  that  from  20  to  LO  per  c^nt.  of  the 
quantity  of  water  evaporated  being  taken  from  the  con- 
centrated brine,  will  keep  the  water  within  a  degree  of 
saltness,  from  which  no  practical  evils  will  result,  how- 
ever long  the  boiling  be  continued;  the  quantity  thus 
abstracted  from  the  boiler  being  of  course  replaced  by  a 
like  quantity  of  sea  water  in  its  natural  state. 

The  abstraction  of  the  brine  is  made  by  means  of  a 
small  pump,  with  a  loaded  discharge  valve,  worked  by 
the  engine,  and  so  proportioned  as  to  draw  from  the 
lowest  part  of  the  boiler  the  quantity  determined  on; 
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wnicb  tufty  i>e  regulated  by  a  meter,  showing  the  quantity 
of  water  drivefn  oflF-  in  the  form  of  tsteam.  The  operation 
of  the  pump  is,  however,  not  to  commence  until  the  brine 
has  attained  a  considerable  degree  of  concentration ;  it 
should,  for  instance,  contain  five  times  as  much  salt  as 
common  sea  water;  after  this,  every  stroke  may  be  made, 
by  means  of  the  pump,  to  take  as  much  salt  out  qf  the 
boiler^  as  is  deposited  in  the  boiler  by  the  steam  used  in 
that  stroke.*  By  these  means,  the  water  in  the  boiler  can 
never  exceed  a  certain  predetermined  degree  of  satura- 
tion ;  and  whether  the  engine  be  working  quickly  or  slowly, 
the  quantity  withdrawn  may  always  be  made  to  bear  the 
«ame  proportion  to  the  quantity  left  in,  thus  avoiding  one 
of  the  greatest  evils  to  which  steam  vessels,  in  making 
long  voyages,  have  hitherto  been  subjected* 

To  economise  the  heat  and  consequent  expenditure  of 
fuel,  tl^e  patentees  further  purpose  that  the  hot  brine  ex- 
tracted by  the  pump,  be  discharged  into  a  vessel  contain- 
ing a  series  of  metal  pipes  of  a  small  calibre,  similar  to  a 
refrigeratory.  Through  these  pipes,  which  lie  immersed 
iu  the  hot  brine,  the  supply  water  is  to  be  made  to  pass. 


*  As  this  may  not  be  readily  understood  by  some  readers,  we  shall 
here  endearour  to  explain  it,  by  a  numerical  statement  The  quan. 
tity  of  salt  in  the  water  of  our  seas  (the  German  Ocean,  for  instance,) 
is  about  three  per  cent,  consequently,  a  vessel  holding  1000  pounds 
cff  sea  water,  contttins  in  solution  30  pounds  of  salt  By  evaporation 
the  water  is  driven  off»  leaving  the  brine,  more  concentrated;  and 
cp9stant  additions  of  salt  water  being  ma^e  to,  supply  the  waste  by 
evaporation*. the  water  in  the  boiler  gradually  increases  in  saltness^ 
witil  it  contains  five  times  as  much  salt  as  common  sea  water.  The 
1000  pounds  of  water  in  the  boiler,  therefore,  now  holds  160  pounds 
of  salt  in  solution,  or  16  per  cent  Now,  supposing  that  «00  pounds 
of  pure  water  be  driven  off  by  steam  in  a  given  time,  and  in  the  same 
period  of  time,  that  60poundsof  the  brine  be  extracted  by  the  pump, 
the  latter  holding  71  pounds  of  salt  in  solution,  will  take  that  quantity 
of  salt  with  it  out  of  the  boiler.  The  total  loss  of  the  boiler  is,  there- 
fore,  260  pounds  of  water,  containing  7l  pounds  of  salt;  and  this  pro- 
portion of  salt  is  exactly  what  is  contained  in  260  pounds  of  common 
sea  water,  with  which  the  boiler  has  been  replenished  during  th« 
unie  period  of  time.  ' 
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B  order  to  abstraGt  the  heat  io  its  progress,  aad  deliver 
the  sea  water  into  the  boiler  in  a  heated  state. 

This  invention  confers  great  credit  on  the  eminent  pa- 
tentees ;  nor  do  we  see  any  obstacle  to  the  judicious  ar- 
rangements herein  purposed,  being  carried  into  full  effeef. 


(Patent  "  Steam  Chambers,'*  by  John  M^ Curdy ^  of  Cecil 

Street,  London^  1824.) 

,  This  invention  originated  in  America,  where  great  an* 
ticipations  were  entertained  of  its  utility,  and  it  was 
announced  in  the  public  journals  of  England  and  Europe 
generally,  not  merely  as  an  important  discovery  in  science, 
but  as  forming  almost  an  era  in  the  History  of  the  Steam 
Engine.  Mr.  M^Curdy  brought  the  invention  over  to 
this  country,  took  out  a  patent,  and  subsequently  sold  his 
patent  right  for  a  large  sum  of  money. 

The  construction  of  this  apparatus  is  shewn  by  the  pre- 
ceding cut,  which  represents  a  longitudinal  section.  A 
single  tube  a,  of  considerable  thickness,  is  made  of 
wrought  iron,  and  of  the  following  proportions : — length, 
II  feet ;  diameter,  six  inches  at  the  large  end,  and  taper- 
ing gradually  to  the  other  end,  where  it  is  only  three 
inches  in  diameter.  It  is  bent  into  the  form  represented 
in  the  figure.  Into  the  large  extremity  of  this  tube,  is 
inserted  an  injection  barrel,  closed  at  the  extremity  6,  but 
having  very  numerous  minute  perforations  over  the  rest 
of  its  surface  in  the  tube;  the  other  end  of  the  injectioa 
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bftrfel  e  is  connected  to  a  forcing  pump,    d  is  the  pipe 
which  conducts  the  steam  to  the  engine. 

Thb  vessel  is  placed  in  a  furnace,  and  when  heated 
suflkiently,  the  water  is  forced,  by  means  of  the  pump, 
through  the  injection  barrel,  by  which  it  is  distributed  in 
a  finely  divided  state  over  the  interior  surface  of  the 
heated  chamber,  which  instantly  converts  it  into  steam  of 
very  high  pressure. 

It  was  stated  by  the  patentee,  that  a  patent  steam  cham« 
bcr  of  the  dimensions  we  have  given,  is  capable  of  gene- 
rating  as  much  steam  as  a  boiler  containing  150  cubic 
feet.  To  increase  the  power,  it  was  purposed  to  increase 
the  number  of  the  steam  chambers,  each  of  which  was  to 
be  supplied  by  a  distinct  pump.  It  was  further  stated, 
that  a  cubical  inch  of  water,  injected  into  one  of  these 
chambers,  and  flashed  into  steam,  afforded  sufficient  for 
one  stroke  of  a  four-horse  engine. 

Notwithstanding  the  high  expectations  of  the  advan- 
tages of  this  new  method  of  generating  steam,  the  expe- 
riments have  not  proved  so  successful  as  to  warrant  its 
adoption;  arising  chiefly  from  the  difficulty  of  keeping 
up  sufficient  heat  to  convert  all  the  water  injected  into  it, 
into  steam,  and  the  consequent  ^ction  of  the  water  left 
in  the  chamber  with  the  steam,  into  the  cylinder  of  the 
engine. 

Patent  Steam  Engine  Boiler^   by  Mr.  John  Moore,  qf 

Bristol.  18S4. 
This  boiler  consists  of  a  series  of  tubes  set  up  vertically, 
and  arranged  in  a  circle,  with  their  upper  ends  entering 
a  circular  chamber,  bent  round  in  a  horizontal  direction, 
so  as  to  form  a  ring,  and  their  lower  ends  entering  a  simi- 
lar ring  at  bottom.  Upon  a  level  with  the  lower  ring  or 
chamber,  and  within  the  circle  of  the  vertical  tubes,  a 
grating  is  fixed,  for  the  reception  of  the  fuel.  The  water 
ifl  supplied  by  a  reservoir,  which  is  also  a  large  tubular 
ring,  embracing  the  vertical  tubes  externally,  a  little 
above  the  middle  of  their  height ;  from  this,  the  water  dc- 
aeeods  through  small  pipes,  and  enters  the  lower  chamber, 
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which  it  fills,  and  rises  partly  up  the'vertica.  tubes;  ber^, 
being  exposed  to  the  fire,  steam  is  produced  in  the  upper 
part  of  each  tube,  and  collected  in  the  tubular  ring  above, 
from  whence  it  proceeds  by  a  pipe  to  the  engine.  In  case 
the  ebullition  in  the  pipes  should  throw  any  water  into 
the  upper  chamber^  connecting  pipes^  between  that  vessel 
and  the  reservoir,  are  employed  to  carry  it  back  to  the 
latter. 

4 

The  position  of  the  vertical  pipes  is  very  unfavourable 
for  the  generation  of  steam,  as  heat  is  communicated  but 
very  feebly  in  a  lateral  direction.  The  other  arrange- 
ments are  judiciously  contrived. 

»  «  •  • 

Patent  Revolvingi  Steam  Boilers^  by  Mr.   TTunnpsonj  qf 
Chelsea  ^teel  Works^  and  Mr.  Barry  of  Halesowen^  Staf' 
fordshire.    1825. 

The  patentees  describe  their  invention  to  consist  rn 
causing  the  boilers,  or  steam  generators,  to  'revolve  in  a 
furnace,  so  that  nearly  the  whole  of  their  surfaces  may  be 
equally  exposed  to  the  direct  action  of  the  fire,  and  by 
those  means  produce  a  uniform  heat  to  the  water,  and  tin 
equal  expansion  of  the  metal  with  which  the  vessels  ate 
constructed.  In  the  ^awings  attached  to  the  specifica- 
tion, the  most  approved  arrangement  on  the  rotary  prin* 
ciple  is  exhibited,  but  as  it  is  capable  of  being  easily 
explained  without  any  such  illustration,  we  shall  dispense 
with  the  use  of  it. 

Four  cylindrical  vessels  are  placed  horizontally  and 
equi-distant  over  the  fuel,  in  the  inidst  of  a  furnace 
adapted  to  receive  them ;  each  of  these  cylinders  is  pro- 
vided with  axles  or  pivots,  which  pass  through  the  walls 
of  the  furnace,  and  turn  upon  bearings  on  the  outside; 
each  of  these  axles  carries  a  small  spar-wheel,  and  motion 
is  communicated  to  them  all  by  a  fifth  tooth-wheel,  upc^n 
a  separate  axis,  situated  centrically  between  the  four  de- 
scribed. The  axis  of  the  central  wheel  is  put  in  motion 
by  gearing  of  the  ordinary  kind,  in  connexion  with  tfie 
steam  engine. 

The  boilers  are  supplied  with  water  from  one  end  of 


BELLINGHAII*8  STBAH   APPARATUS.  377 

their  respective  axes  (made  hollow  for  that  purpose),  by 
means  of  a  forcing  pump;  the  escape  of  which,  during  its 
transmission,  is  prevented  by  stuffing-boxes,  containing  9 
valve  opening  inwards,  which  the  expansive  force  of  the 
steam  keeps  shut,  except  at  the  moment  that  the  superior 
power  of  the  pump  injects  a  portion  of  water.  The  steam^ 
as  it  is  generated  in  each  cylinder,  passes  off  at  the  oppo* 
site  extremity  to  that  where  the  water  enters;  that  is, 
through  the  opposite  hollow  axes,  and  enters  a  vessel, 
from  whence  it  is  delivered  to  the  engine  in  the  usual 
manner.  The  patentees  state  that,  by  their  apparatus, 
^^  the  quantity  of  steam  produced  by  the  same  portion  ot 
fuel,  will  be  found  much  greater  than  by  any  means  yet 
employed  for  the  generation  of  steam." 

With  respect  to  the  fuel,  this  .plan  is  probably  an  eco- 
nomical one,  but  the  cost  of  the  erection  of  such  a  boiler, 
and  its  complex  structure,  must  prove  a  great  drawback 
to  its  utility.  The  method  of  injecting  the  water,  failed 
in  M^Curdy's  boiler,  and  has  of  course  in  this  also.  Ano« 
ther  objection  to  it  is,  the  great  difficulty  of  keeping  the 
vessels  steam-tight  at  their  hollow  axes :  to  prevent  the 
escape  of  steam,  the  stuffing-boxes  must  press  h^rdfy  upon 
the  axis,  the  friction  of  which  and  the  cog-wheels,  toge- 
ther with  the  great  weight  kept  in  motion,  must  subtract 
largely  from  the  power  of  the  engine, 

Mr.  J.  Bellinghanis  method  of  generating  Steam^  by  the 
burning  of  Tar  under  the  Boiler,     1834. 

in' a  letter  inserted  in  the  Register  of  Arts,  it  is  stated 
that  Mr.  J.  Bellingham  had  employed  the  combiistion  of 
coal  tar  very  successfully,  as  an  auxiliary  with  the  ordi- 
nary fuel,  in  the  production  of  steam,  on  board  of  a  steam 
boat  in  Ireland.  The  boiler  had  a  furnace,  in  which  coal 
was  burned  as  usual,  but  at  the  back  of  the  furnace  a 
series  of  retorts  were  set  in  an  oven«  containing  ignited 
coke,  on  which  was  thrown,  by  jets,  a  uniform  quantity 
of  the  tar.  The  smoke  from  the  coal  passed  through  the 
retorts,  where  it  was  inflamed,  and  returned  through  the 
boiler  to  the  iron  flue.     The  effect  of  this  arrangement  ib 

17.  3  c 
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stated  to  be  ^^  the  complete  combustion  of  every  particle 
that  escapes  combustion  in  the  first  fire,  as  well  aa  the 
great  advantage  of  burning  so  much  more  oxygen,  by  the 
increased  draught,  in  consequence  of  the  rarefaction  of 
the  air  in  the  red-hot  chamber.  The  stove  that  contains 
the  hot  chambers  is  encircled  by  the  water  in  the  boiler, 
as  well  as  the  entire  of  the  fire-places,- on  the  same  plan 
as  Mr.  Williaros^s  steam  packets  at  Liverpool,  with  only 
the  addition  of  a  second  row  of  fluted  cast-iron  bars, 
placed  horizontally  over  the  common  ones,  merely  allow- 
ing room  to  charge  with  coke  or  coal  between,  for  the  tar 
jet  to  play  upon.  The  tar  is  pumped  into  an  air-tight 
wrpught-iron  tank,  with  a  small  tube  from  the  bottom ; 
the  pressure  of  the  air,  with  a  stop-cock  and  crank  worked 
by  the  engine,  may  be  regulated  to  keep  a  uniform  flame 
diffused  all  over  the  inside  of  the  flues*  This  arrangement 
prevents  the  possibility  of  fire  being  communicated  to  any 
part  of  the  ship.  One  striking  improvement  in  the  above 
plan  is,  that  all  the  atmospheric  air  must  pass  through  tho 
coal,  as  the  stove  doors  are  only  opened  once  in  eight 
hours,  to  charge  with  coke,  coal,  or  wood ;  the  jets  play 
through  small  apertures,  and  the  flues  are  not  chilled,  as 
by  the  present  mode  of  constantly  opening  the  doors  to 
charge  and  rake  the  fire.  The  labour  is  so  diminished, 
that  one  man  is  quite  equal  to  the  management  of  the 
largest  engine  boiler  now  in  use." 

The  writer  also  states,  that  Mr.  Bellingham  had  '^  dis- 
covered that  the  generation  of  steam  is  much  accelerated 
by  putting  in  bundles  of  straw  or  sticks  into  the  boiler, 
but  he  found  that  a  surface  of  boards  strongly  put  toge* 
ther,  so  as  to  cover  the  entire  water,  and  float  on  it  by  a 
suspension  rod,  on  the  surface,  answers  better,  and  pre- 
vents the  wince  and  splashing  of  the  water,  so  injurious 
in  condensing  steam.  He  also  recommends  casing  the 
boiler  with  thin  boards,  and  at  least  five  inches  deep  of 
charcoal,  to  husband  the  heat,  and  prevent  the  injurious 
cofisequence  (from  radiation)  to  goods  in  the  hold  pf 
steam  vessels.  This  improvement,"  the  writer  says,  '*  will 
enable  a  vessel  to  go  to  any  part  of  the  world,  as  the  coaU 
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(ar  will  not  occupy  half  the  room  of  coals,  and  does  not 
cost  half  the  price.  Iron  tanks  of  any  shape  to  suit  the 
different  parts  of  a  ship,  can  be  made  to  hold  it ;  and 
when  consumed^  the  tank  can  be  filled  with  water^  which 
will  in  no  way  alter  the  trim  of  the  vessel.*' 

The  foregoing  experiments  seem  to  be  well  deserving 
of  attention ;  they  were,  we  believe,  made  prior  to  the 
year  1824,  which  it  is  proper  to  notice,  as  some  part  of  the 
suggestions  here  given,  have  subsequently  formed  the 
frroundwork  of  new  patents. 

Patent  Steam  and  Gas-generating  Apparatus^  by  Samuel 
Hally  of  Basfordy  near  Nottingham.    1824. 

This  is  an  attempt  to  diminish  the  quantity  of  fuel  used 
in  the  generation  of  vapour  for  steam  engines,  by  decom- 
posing the  steam  in  4  greater  or  less  degree  in  its  pas- 
sage from  the  boiler  to  the  cylinder  of  an  engine,  uiider  a 
pressure  superior  to  that  of  the  atmosphere.  ^^  The  gases 
or  elastic  fluids  thus  generated^"  (the  specification  states,) 
^^  occupy  a  greater  space  at  any  given  pressure  and  tempe* 
rature,  than  the  steam  does ;  and  being,  for  the  most  part, 
permanently  elastic  fluids,  they  possess  the  further  advan- 
tage of  being  capable  of  use  at  a  temperature  not  higber 
than  the  atmosphere,  if  required.*'  Founded  upon  tliese 
principles,  the  patentee  observes,  that  a  variety  of  appa- 
ratus may  be  Constructed  to  obtain  a  mechanical  power^ 
but  the  foHowing  arrangement  is  recommendie!i](  as  calcu- 
lated to  answer  the  intended  purpose.  * 

Fig.  1  represents  a  plan,  and  fig.  2  an  elevation  of  the 
apparatus,  part  6f  which  is  in  sqctioir.  >  Th^  letters  of  re«* 
ference  indicate  the  same  parts  in  each.  A  A  are  twc 
furnaces,  with  a  cylindrical  boiler  surrounding  each;  B 
is  a  cistern  to  supply  Water  to'  the  botfer,  and  C  a  reser- 
voir for  the  reception  of  the  steam  and  gases  generated. 
The  intention  of  having  two  boilers  is,  that  while  the  fur- 
nace of  one  is  being  replenished  with  fuel,  the  other  may 
be  employed  in  the  prodnctioti  of  vapour,  so  as  to  keep  up 
the  supply  unremittingly. 

The  figure  of  the  furnaces  h  that  of  a  hollow  cylinder ; 
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they  are  made  very  atroag^and  with  air-tight  joints.  The 
grating  on  which  the  fuel  rests,  is  of  the  shape  of  a  double 
hopper;  it  is  supplied  with  coke,  or  other  fuel,  through 
an  aperture  d,  at  the  top  of  the  furnace ;  the  ashes  are 
raked  out  from  nndemeatb,  by  a  properly  formed  iron 
passing  through  the  aperture  e.  Both  these  apertures  :t 
and  e,  are  furnished  with  large  stop-cocks,  of  sufficient 
capacity  for  the  reception  of  the  coke,  and  for  the  dis- 
charge of  the  ashes  and  clinkers,  as  often  as  may  be  neces- 
sary.     The  furnace  cylinder  is  by  these  means  kept  air- 
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tip^hi  when  tbc  cocks  are  shut,  oo  is  a  hollow  cylindrical 
vessel  encompassing  the  furnace,  of  sufficient  strength  to 
bear  a  great  pressure  of  steam  ;  /  is  a  pipe,  to  which  is 
connected  a  blowing  machine,  for  augmenting  the  heat  in 
either  of  the  furnaces ;  the  pipe  /  is,  therefore,  furnished 
with  stop-cocks  at  g  g^  that  either  of  the  fires  may  be 
operated  upon,  which  they  are  alternately,  in  the  process 
of  working  the  apparatus. 

When  the  water  in  the  boiler  is  in  a  state  of  ebullition, 
the  steam  therefrom  passes  down  the  pipe  A,  (the  stop- 
cock in  it  being  opened  for  that  purpose,)  and  enters  the 
furnace  through  the  hopper-formed  grate ;  there  ascend- 
ing through  the  fuel  underintense  ignition,  it  is  for  the 
most  part  decomposed ;  certain  elastic  gases  are  thereby 
generated,  which,  together  with  the  undecomposed  por- 
tion of  the  steam,  proceed  along  the  curved  tube  t,  into 
the  strong  receiver  or  reservoir  C.  In  this  vessel  it  is 
kept  under  the  required  pressure  for  working  the  engine, 
to  which  it  is  conducted  by  the  pipe  k. 

From  the  upper  and  lower  parts  of  the  water  cistern  B, 
proceed  two  horizontal  pipes  /  Z,  which  enter  the  upper 
and  lower  parts  of  the  boilers,  preserving  the  water  in 
both  at  the  same  level,  the  height  of  which  is  regulated 
by  a  float ;  and  a  force  pump  A,  is  employed  for  injecting 
the  water  into  the  cistern,  to  supply  the  loss  by  evapo- 
ration. 

In  order  to  regulate  the  pressure  of  the  elastic  vapours 
in  the  several  vessels  described,  a  communication  is  opened 
between  the  reservoir  C  and  the  cistern  6,  by  means  of  a 
short  bent  tube  r,  which  is  furnished  with  a  stop-cock,  to 
cut  off  that  communication  whenever  required. 

In  setting  this  apparatus  to  work,  it  is  directed  that  the 
cistern  and  boiler  be  filled  up  to  the  pipe  /,  as  shewn  in 
the  engraving ;  the  apertures  in  the  upper  ai)^  lower  parts 
of  the  furnaces  opened,  when  ignited  coke  is  to  be  thrown 
into  the  upper  ones  d  d;  the  bellows  are  now  to  be 
worked,  and  fuel  supplied  at  intervals,  until  the  required 
heat  is  obtained.  When  the  steam  has  acquired  the  pro- 
per height,  indicated  by  the  guage,  the  apertures  at  the 
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top  and  botlom  of  the  furnaces  are  closed  by  their  stop- 
cocks, also  those  in  pipes  /  and  r,  supposed  to  have  been 
previously  open ;  the  valve  or  cock  in  the  tube  t  is  then 
opened,  along  which  the  steam  and  gases  pass  into  the 
reservoir  C,  and  from  thence  to  the  engine.  When  the 
vapour  has  continued  to  pass  through  the  furnace  for  a 
certain  time,  the  fire  becomes  incapable  of  decomposing  a 
further  quantity ;  the  communication  with  the  reservoir  C 
is  therefore  closed,  and  the  fire  replenished  with  addi- 
tional fuel  and  excited  by  the  bellows;  while  this  is  going 
forward  in  one  of  the  furnaces,  the  other  is  proceeding 
uninterruptedly  in  the  generation  of  steam  and  gaseous 
vapour;  and  thus  the  contents  of  the  reservoir  are  kept 
under  a  nearly  uniform  pressure,  and  the  supply  to  the 
engine  unremittingly  preserved.* 

If  the  patentee  has  submitted  his  scheme  to  actual  trial, 
be  has  probably  discovered  that  no  increase  in  the  elasti- 
city of  the  steam  is  obtained  by  passing  it  through  the 
furnace.  The  apparatus  appears  likewise  very  defective 
in  its  structure,  as  no  means  are  provided  for  supplying 
the  fire  with  a  supporter  of  combustion,  aAer  the  cocks  d 
and  e  are  shut.  It  is,  besides,  much  to  be  doubted,  whe- 
ther the  ignition  of  the  fuel  could  be  preserved  even  by 
the  alternate  use  of  two  furnaces,  as  described. 

Patent  Steam^generating  Apparatus j  by  John  M^  Curdy ^ 

of  (kcil  Streety  Strand.    18S&. 

^^My  invention  of  certain  improvements  in  generating 
eteam  consists  in  a  new  combination  of  materials,  or  the 
adaptation  and  application  of  old  and  ii^etI*known  sub- 
stances to  produce  or  efiect  a  particular  purpose,  which  is 
both  novel  and  useful,  and  which,  from  their  form,  I  de- 
nominate ^  Franklin's  Duplex  Steam  Generators.*  For 
this  purpose,  4  construct  one  or  more  vessels  or  tubes,  of 
any  given  number,  length,  or  diameter,  proportionate  to 
the  size  of  the  engine,  or  quantity  of  steam  wanted,  made 

of  wrought  or  cast-iron,  or  other  material  of  sufficient 

I     I  II  »    ■■■■■■  ■■■    ■  ■  I    I   ■  — ^— —  I  ■    ■■■■ 

*  Register  of  Arts,  vol.  iit.  p.  58. 
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fttretigtb ;  which  tubes  or  veaaels  are  closed  at  both  enda, 
on  one  end  of  each  of  which  a  bead  is  fixed,  that  can  b« 
taken  off  at  pleasure.  Inside  of  each  of  these  vessels  or 
tubes,  I  insnrt,  or  suspend  in  the  centre,  another  vessel  or 
tube  of  still  smaller  size,  of  similar  materials,  leaving  a 
nnall  space  on  all  aides,  (varying  according  to  the  station 
the;  occupy  in  the  furnace,  near  the  fire  or  more  remote), 
which  is  thought  sufficient  for  the  generators  attached  to 
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an  engine  of  the  largest  size,  between  the  outer  and  inner 
tubes  or  vessels.  The  inner  tubes  or  vessels  are  rendered 
steam-tight,  and  closed  at  both  ends,  except  such  number 
as  are  placed  within  the  reservoirs  or  ^  steamometers/  as  I 
term  them,  and  which  are  intended  to  contain  a  body  of 
stieam  fox  the  supply  of  the  engine ;  or  tfie  minor  tubes  or 
vessels  may  be  omitted  entirely  in  this  combination  in  the 
steamometers,  or  vessels  intended  to  contain  the  steam.  I 
place  these  tubes  or  vessels  thus  arranged,  which  I  term 
duplex  steam  generators,  in  a  common  heated  furnace,  in 
the  same  manner  as  gas  retorts,  or  in  the  most  advanta- 
geous manner  for  heating.  The  tubes  or  vessels  at  the 
top,  or  next  communicating  with  the  engine,  are  the  most 
suitable  to  be  reserved  for  the  reservoirs  or  steamometers, 
and  which  I  should  generally  make  to  contain  about  ten 
times  the  solid  contents  of  the  working  cylinder  of  the 
engine.  The  outer  or  exterior  vessels  or  tubes  are  con- 
nected by  pipes  leading  from  one  to  the  other,  which  con- 
necting pipe  ought  to  lead  from  the  uppefr  part  of  one 
tube  to  the  upper  part  of  another,  through  which  the 
steam  and  water  rushes,  from  the  time  it  is  injected  by  the 
forcing  pump,  which  I  use  to  supply  them  with  water,  till 
it  passes  into  the  steamometer,  and  from  thence  through 
the  eduction  pipe,  which  I  insert  into  the  loiver  part  or 
bottom  of  the  steamometer  (whereas,  in  boilers,  the  steam 
is  carried  out  at  the  top,)  into  the  engine.  Into  each  of 
the  interior  tubes  or  vessels  (closed  at  both  ends)  may  be 
inserted  small  pipes,  passing  from  the  inner  tubes  or  ves- 
sels through  the  outer  ones  into  the  open  air,  to  permit 
any  water  or  steam  that  might  be  forced  into  the  inner 
tubes  or  vessels,  by  the  pressure  of  the  steam,  to  escape. 
To  keep  the  interior  tubes  or  vessels  in  their  places,  and 
at  equal  distances  from  the  outer  ones,  I  put  around  them 
spiral  bands,  extending  the  whole,  length  of  the  inner 
tubes  or  vessels,  or  rings  at  intervals,  of  from  one  to  two 
feet  apart,  or  pins  of  the  same  thickness  as  the  space  in- 
tended to  be  preserved  as  a  water  line;  these  rings  are 
grooved  all  round,  or  have  holes  drilled  in  them,  to  per- 
mit the  free  passage  of  the  steam  and  water;  and  if  the 
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liMit  <9hould  cause  the  outer  tubes  or  vessels  to  warp  or 
yield,  the  same  distance  will  always  be  preserved  between 
the  outer  and  inner  tubes  and  vessels,  and  also  prevent 
them  from  comings  in  contact  in  any  part.  A  number  of 
the  ^duplex  generators'  may  also  be  connected  with  th« 
common  boiler,  for  the  generation  of  steam,  the  water 
being  forced  through  them  by  the  pump,  and  discharging 
into  the  steam  chamber  of  the  boiler,  instead  of  the 
steamometer." 

In  the  preceding  engravings,  fig.  1  represents  a  front 
view  of  a  furnace  containing  five  ^^  duplex  generators,'* 
1,  2,  3,  4,  5,  and  one  ^^  steamometer,"  6.  Fig.  2,  is  a 
view  of  the  opposite  end  of  the  same  furnace,  -with  the 
cast-iron  plate  which  encases  it  broken  away,  to  shew  the 
interior  of  the  furnace,  the  hemispherical  ends  of  the 
tabes,  the  communication  from  one.  to  the  other,  by  means 
of  short  bent  pipes,  and  the  maimer  in  which  the  fire  acts 
upon  them,  when  so  placed ;  the  letters  of  reference  desig* 
nating  the  same  parts  in  this  figure  as  in  all  the  others. 
Fig.  3,  represents  a  cross  section  qf  the  ouier  tube  of  a 
^  duplex  generator,"  and  one  of  the  hemispherical  ends 
of  the  inner  tube,  with  the  space  or  ^^  water  line'*  between 
the  two,  preserved  at  a  uniform  distance  iipart,  by  the  in- 
terposition of  narrow  pieces  of  ^nelal.  Fig.  4,  is  a  front 
end  view  of  a  '^  steamometer,"  with  the  flaoch  removed. 
Fig.  5,  is  a  horizontal  section  of  two  ^^  duplex  genera- 
tors," and  one  ^^steamometer"  between  them;  in  the 
former,  the  interior  tubes  c  c  are  not  showa  in  section,  but 
whole,  that  it  may  be  seen  they  are  perfectly  closed  at 
each  end,  from  which  the  water  is  compelled  to  assume 
the  shape  of  a  hollow  cylinder.  In  the  '^  steamometer"  6, 
the  interior  tube  d  is  left  open  at  one  end,  for  the  steam 
to  enter  and  become  a  reservoir  for  the  supply  of  the 
engine,  e  is  the  water  pipe  leading  to  the  pump;  /is  the 
pump;  g  the  steam  or  eduction  pipe,  leading  from  the 
^^steamometer"  into  the  engine.  The  mode  of  operation 
is  as  follows: — each  stroke  of  the  pump  introduces  water 
into  the  vessel  a  1,  (by  the  pipe  e,)  which  is  forced  or  dis- 
tributed around  the  spaces  between  the  interior  and  exte- 
17.  Sd 
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rior  tube,  termed  the  ^^  water  line''  in  all  the  vessek 
The  steam  generated  in  this  first  vessel,  and  the  wate ' 
that  remains,  is  next  forced  through  the  connecting  pipe 
into  the  second  vessela2;  from  thence  successively  through 
a  3,  a  4,  and  a  5,  then  into  the  ^^steamometer"  fr,  by  the 
end  always  open  ;  and  from  thence  by  the  eduction  pipe  g 
into  the  engine.  The  water  injected  into  the  pump  at  c, 
has  thus,  in  its  passage  from  the  pump  to  the  engine, 
passed  in  a  thin  sheet  over  a  heated  surface  of  many  thou- 
sand inches,  and,  consequently,  the  steam  may  be  gene- 
rated of  a  very  high  pressure  with  extraordinary  rapidity. 
The  foregoing  arrangement,  from  disposing  of  the  water 
in  ^Hhin  sheets,"  may  seem  at  first  to  promise  great  ad- 
vantages, but  an  inspection  of  fig.  2,  will,  we  think,  con- 
vince the  reader,  that  the  greater  portion  of  the  heat 
passes  up  the  chimney,  instead  of  into  the  water.  The 
complexity  of  the  construction,  the  liability  of  deposits, 
incrustations  in  the  narrow  spaces  between  the  cylinders;, 
and  the  difficulty  of  cleaning  them  out,  are  likewise  ob* 
jections  which,  we  think,  will  prevent  this  apparatus  from 
being  successfully  used  in  the  generation  of  steam. 

Paient  Sieam-generaiing  Apparatus^  by  Joseph  Eve^  of 

London.    1825. 

The  intention  of  the  inventor  of  this  apparatus,  and  the 
advantages  claimed  by  him  as  resulting  from  its  arrange- 
ments, are  the  preserving  of  a  constant  circulation  or  cur- 
rent of  water  throughout  the  tubes,  preventing  thereby, 
rn  a  great  measure,  their  oxidation  or  burning  out ;  by 
the  great  strength  of  small  tubes  to  resist  lateral  pressure, 
affording  security  against  bursting ;  and  by  the  uniform 
circulation  of  the  water,  rendering  but  a  comparatiyely 
small  furnace  necessary,  and  the  whole  apparatus  ex- 
tremely compact.  The  reader  will  perceive  a  great 
analogy  between  this  invention  and  that  subsequently 
patented  by  Mr.  Gurney,  a  description  of  which  is  here- 
after given.     (See  Index.) 

Figures  1,  S,  S,  and  4,  exhibit  so  many  different  views 
of  the  apparatus,  including  an  application  of  two  revol« 
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ving  cocks,  to  supply  the  waste  of  water,  in  lieu  of  a 
forcing  pump.  Fig.  1,  is  a  side  elevation;  fig.  2,  a  verti- 
cal section;  fig. 3,  a  front  end  view;  fig.  4,  a  back  end 
view;  the  same  letters  of  reference  apply  to  all  the 
figures,  a  represents  the  lower  conduit  pipe;  b  the  steam 
receiver ;  c  e  are  two  pipes,  in  which  the  water  descends 
from  the  steam  receiver  to  the  lower  or  conduit  pipe ;  d  is 
the  dome  connected  with  the  steam  receiver,  from  which 
dome  the  steam  enters  into  the  steam  pipe  fy  and  into  the 
pipe  6,  which  latter  leads  to  the  safety  apparatus,  g  g  g^ 
are  ten  pipes,  which  communicate  with  the  lower  conduit 
pipe  and  the  upper  pipe,  or  steam  receiver.  Fig.  2  re- 
presents one  of  these  ten  sections  in  front,  the  manner  in 
which  they  are  formed,  and  connected  with  the  two  hori- 
zontal  pipes,  which  latter  are  shown  in  section  in  this 
figure;  h  and  t  are  two  valves,  the  former  kept  open  by 
its  own  weight,  and  the  latter  floating.  With  these  two 
valves  every  section  of  pipes  is  provided  at  its  two  orifices, 
where  they  communicate  with  the  lower  conduit  and 
steam-receiving  pipe;  p  p  is  the  fire-grate,  over  the  middle 
of  which  the  smaller  combination  of  pipes  is  placed ;  o  o 
is  an  ash-pit ;  9  is  an  end  piece,  which,  being  screwed  into 
the  lower  conduit  pipe,  admits  of  the  latter  being  cleaned 
out  wllfenever  required.  The  number  of  sections  and 
pipes  composing  each  section,  and  the  manner  in  which 
the  pipes  are  bent,  are  arbitrary. 

The  apparatus  is  filled  with  water  through  the  orifice  o, 
4»hown  in  fig.  1.  The  heat  of  the  furnace  causes  the  water 
to  circulate  through  the  tubes,  thereby  preventing  the 
steam  from  driving  the  water  out  of  them,  and  the  rapid 
oxidation  of  the  metal.  The  tubes  are  from  one  to  two 
inches  in  diameter,  and  from  an  eighth  to  a  quarter  of  an 
inch  thick ;  tubes  of  these  dimensions  are  suflSciently  strong 
to  bear  the  force  of  steam  of  the  highest  pressure.  The 
horizontal  pipes  are  1^  inch  thick,  and  9{-  inches  diameter ; 
the  vertical  pipes,  three  quarters  of  an  inch  thick,  and  4^ 
inches  diameter. 

The  valves  h  and  t,  attached  to  the  orifices  of  each  of 
the  section  pipes,  where  they  enter  into  the  horizontal 
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lobes,  are  placed  there  in  case  of  a  rupture  in  one  of  the 
sections  to  which  they  belong ;  in  which  case,  the  untei* 
lanced  pressure  of  steam  would  force  the  water  .so  rapidly 
into  the  particular  section  that  was  ruptured,  as  to  cause 
the  valves  to  close,  thereby  preventing  any  waste  of  steam, 
and  detaching  the  ruptured  section  from  the  rest  of  the 
generator.  By  this  arrangement,  the  engine  need  not  be 
stopped,  but  would  only  lose  so  much  of  its  power  as  the 
proportion  of  one  section  to  the  remaining  sound  ones 
would  be.  The  two  large  vertical,  as  well  as  the  two 
large  horizontal  tubes,  are  imbedded  in  brtck-woric,  and 
the  sections  only  are  exposed  to  the  heat  of  tb^  fire; 
therefore  no  steam  will  be  formed  or  generated  in  the 
former,  while  the  action  of  the  fire  will  cause  the  steam 
and  water  to  ascend  rapidly  through  the  small  pipes 
into  th^  steam  receiver,  while  the  wa^elr  therein,  be- 
ing heavier  than  the  water  combined  with  steam  in  the 
smaller  pipes,  will  descend  through  the  vertical  tubes 
into  the  lower  conduit  tube,  thereby  causing  a  continual 
circulation  through  all  the  tubes;  the  steam  will  of  course 
a^camulate  at  the  top,  and  through  the  dome  find  its  way 
to  the  steam  pipe  and  safety  apparatus.  In  case  the  cir- 
culation should  be  too  rapid,  and  to  prevent  the  water 
being  forced  into  the  steam  pipe  before  it  descends  again 
through  the  vertical  pipes,  a  piece  of  sheet-iron  is  placed, 
perforated  with  small  holes  similar  to  a  strainer,  in  the 
middle  of  the  steam  receiver,  from  end  to  end.  The  small 
pipes  in  the  sections  have  the  peculiar  serpentine  form 
given  to  them,  in  order  to  enable  the  steam  to  rise  to  the 
top  more  rapidly  than  the  watier. 

These  boilers  are  supplied  with  water  by  means  of  re- 
trolving  cocks,  as  before  mentioned,  in  lieu  of  the  forcing 
pump,  as  shewn  in  fig.  4,  where  two  cocks  are  represented ; 
n  is  a  vessel  filled  with  water,  of  any  convenient  shape ; 
tme  side  of  which  vessel  is  near  the  furnace,  so  as  to  keep 
the  water  warm ;  this  vessel  is  connected  with  the  gene- 
rator through  a  tube  entering  at  o,  which  is  shown  in 
section  in  the  drawing;  this  tube  has  two  revolving  cocks, 
k  and  t,  with  a  chamber  between  them.     The  cocks  are 
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made  to  revolve  equally  by  cog-wheels  gearing  into  each 
other;  so  that  if  cock  k  be  open  towards  the  water  reser- 
voir, cock  t  will  be  closed  towards  the  tube  leading  to  the 
generator. 

The  chamber  between  the  cocks  will  therefore  be' filled 
with  water  through  cock  it,  by  that  time  cock  k  closes  and 
t  opens  towards  the  generator ;  the  water  in  the  chamber 
will  then  descend  through  o  into  the  generator,  by  its 
own  gravity,  and  its  place  be  occupied  in  the  chamber  by 
steam  from  the  generator;  cock  k  opens  again  towards 
the  chamber,  and  i  is  closed  towards  the  generator.  The 
steam  in  the  chamber  will  be  condensed  by  the  water  now 
entering,  or  escape  into  the  water  reservoir  it;  this  revo- 
lution goes  on  continually.  If  water  be  presented  by 
cock  t  to  the  generator,  and  the  said  generator  should  be 
sufficiently  full,  in  such  a  case  the  water  will  not  be  re- 
ceived, but  remains  in  the  chamber  until  part  or  the 
whole  is  wanted,  the  cocks  constantly  revolving.  By  this 
arrangement,  the  water  can  be  kept  constantly  at  the 
desired  height. 

In  this  apparatus,  Mr.  Eve  has  introduced  some  very 
novel  and  interesting  combinations,  among  which,  the 
following  seem  to  be  deserving  of  notice.  First,  his  me- 
thod of  keeping  the  water  circulating  throughout  the 
pipes,  requiring,  in  consequence,  but  a  comparatively 
small  furnace,  and,  by  the  compactness  of  the  whole  ap- 
paratus, rendering  it  suitable  to  locomotive  purposes; 
secondly,  in  the  invention  of  the  revolving  cocks,  by  which 
the  boiler  is  fed  without  loss  of  steam  or  power;  for  it 
will  be  observed,  that  the  heat  of  the  steam  in  the  cham- 
ber between  the  cocks  is  not  lost,  which,  although  con- 
densed, enters  into  the  water  chambern;  thirdly,  the  method 
of  cutting  off  the  damaged  portion  of  the  tubes,  in  case  of 
rupture  in  any  of  the  sections.  The  mode  of  communica- 
ting the  heat  laterally  is  not  good^  but,  under  some  modi- 
fications, it  might  be  made  a  very  efficient  apparatus. 
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{Patent  Steam  Engine  Boiler,  by  W.  H.  JanUs,  <if  Tltavies 
Inn,  Holbont.     1SS3.) 

We  shall  just  premise  (he  description  of  (hia  inventioa 
by  observing,  that  it  is  constructed  chiefly  with  the  view 
of  applying  it  to  locomotive  purposes;  our  further  re- 
marks are  reserved  for  the  conclusiou  of  the  annexed 
account  of  it. 

A  aeries  of  annular  tubes,  of  equal  capacity  and  dla* 
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meter,  are  placed  side  by  side,  and  bolted  together,  so  as 
to  form  by  their  uoion  a  long  cylindrical  boiler;  in  the 
centre  of  which  the  fire-place  ia  situated.  The  tubes  are 
individually  (in  their  transverse  section)  of  a  square 
figure ;  they  are  made  of  the  best  wrought-iron,  of  such 
considerable  substance  and  tenacity,  as  to  sustain  s,  proving 
of  4000  lbs.  pressure  upon  the  superficial  inch ;  the  two 
flat  sides  of  each  ring  are  turned  to  smooth  level  surfaces, 
so  that  the  junctures  may  be  in  all  parts  perfectly  close 
and  uniform.  The  flat  sides  of  the  chambei^  are  con- 
nected together  by  means  of  long  bolts  passing  through 
the  end  plates  of  the  cylinder,  where  they  are  screwed  up 
firmly  by  nuts  on  the  outside.  A  cylinder  of  distinct  an- 
nular tubes  being  thus  formed,  a  communication  from  one 
to  the  other  is  opened,  by  making  two  perforations  in 
them  lengthways  of  the  cylinder;  on  the  upper  side  for 
the  free  passage  of  the  steam,  and  one  on  the  lower  for  the 
free  passage  of  the  water. 

When  it  is  desired  to  construct  a  boiler  of  still  greater 
power,  the  patentee  efiects  it  by  placing  two  or  more 
series  of  such  tubes  concentrically,  one  within  the  other ; 
the  steam  and  water  passages  communicating,  bo  as  to 
form  a  single  vessel  of  capacity. 

The  preceding  figure  1,  represents  a  longitudinal  ver- 
tical section  of  the  apparatus,  with  a  double  series  of  an* 
nular  tubes;  and  fig.  8  (annexed),  a  transverse  vertical 
section  of  the  same;  the  letters  of  reference  in  each  figure 
that  are  alike  designating  the  same  parts*  Thus aaa 
are  the  square  annular  tubes,  a  section  of  the  whole  being 
shown  in  fig.  1 ;  while  in  fig.  2,  the  entire  circles  of  only 
two  of  the  tubes  (one  of  each  series)  are  brought  into 
view.  The  upper  perforations,  or  steam  passages,  are 
shown  at  b  6,  and  the  lower  perforations,  or  water  pas- 
sages, at  c  c.  The  water  is  maintained  at  a  certain  level 
(about  that  exhibited  in  fig.  S),  by  the  action  of  a  float  ia 
the  regulator  d,  which  is  of  a  peculiar  construction. 

The  situation  of  the  furnace  is  obvious  in* the  figures, 
the  bars  or  grating  of  which  form  two  inclined  plaaee  (M 
seen  by  fig.  2).    The  flames  and  heated  air  take  the  diree« 


V.  a.  JAMBS'S  BUILEK. 

ri<r.2. 


tion  Bliown  by  the  arrows,  previously  to  their  being  difl^si-d 
■■  every  part,  and  the  vapour  finally  escapes  dowDwaHit, ' 
by  the  chimney  or  flue  e.  This  flue  ia  made  to  slide  it) 
aod  out  of  its  place;  the  whole  furnace  is  likewise  ciyo- 
structed  so  that  it  may  be  easily  draWn  out  of  the  cylinder. 
The  entire  boiler  turns  upon  an  axis,  and  rests  upon 
rollers  fixed  in  a  circular  frame  or  stand.  Every  lube 
is  furnished  with  a  few  shot,  mixed  with  angular  pieces 
of  metal,  so  that  when  it  is  desired  to  cleanse  the  boiler 
from  any  deposition,  it  is  only  necessary  to  draw  out  tbo 
fnmace,  th&  chimney  tube,  and  to  unscrew  the  several 
pipes,  when  a  few  turns  with  a  winch  causes  the  shot  to 
roll,  and  the  angular  pieces  to  scour  the  angular  chambers 
clean ;  the  operation  being  similar  to  that  of  the  scouring 
barrel  employed  at  Birmingham  for  brightening  iron* 
work. 

To  prevent  the  loss  of  caloric  by  any  considerable  radi- 
ation through  the  sidesof  the  boiler,  the  cylindrical  casing 
to  it  is  made  double,  of  sheet-iron,  with  the  space  between 
the  internal  and  external  coats  closely  filled  np  with  a 
17.  S « 
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mixture  of  charcoal  and  clay,  or  other  materials  that  are 
slow  conductors  of  heat. 

One  of  the  greatest  advantag;es  in  this  boiler  consists  in 
its  perfect  safety,  in  consequence  of  its  steam  reservoir 
being  situated  within  the  generating  tubes,  which  arc  of 
immense  strength,  havings  as  we  understand,  been  proved 
to  be  capable  of  sustaining  a  pressure  equal  to  two  tons 
upon  the  inch.  It  will  be  observed  also,  that  by  this 
arrangement  of  tubes,  a  very  extensive  surface  is  exposed 
to  the  action  of  the  fire;  and  the  flue  being  downward, 
causes  a  reverberation  of  the  heat  over  every  part,  so  that 
very  little  escapes  misapplied.  We  have  seen  a  boiler  of 
Mr.  James's  at  work>  which  contained  only  a  single  series 
of  annular  tubes,  instead  of  the  double  series  we  have 
described,  in  which  perfectly  cold  water  was  converted 
into  steam,  and  blew  off  at  the  safety  valve,  under  a  pres- 
sure of  150  lbs.  upon  the  inch,  in  the  space  of  fifteen  mi- 
nutes from  the  time  the  fire  was  put  into  the  furnace. 
'j^^  The  dimensions  of  this  boiler  were  20  inches  diameter, 
^f^  and  three  feet  six  inches  long ;  and  it  seemed  capable  of 
furnishing  a  uniform  supply  of  steam,  equal  to  at  least  two 
horse's  power. 

Mr.  James  now  makes  these  boilers  of  circular  tubes, 
instead  of  square;  they  form  a  very  eflicient  and  compact 
apparatus,  economising  the  fuel  considerably,  by  expo- 
sing a  very  extended  surface  of  metal  to  a  comparatively 
small  quantity  of  water. 

Patent  Steam  Engine  Boiler,  by  Ooldsworthy  Gumey,  Esq. 
ofArgyle  Street,  Oxford  Street.    1886. 

The  apparatus  delineated  in  the  next  page,  is  identical 
with  that  employed  by  Mr.  Gurney  in  his  steam  carriage ; 
and  Mr.  Gordon  has  applied  one  of  the  same  kind  to  his 
steam  carriage,  for  which  purpose  the  invention  seems 
well  adapted. 

Fig.  I,  shows  a  vertical  section  of  the  boiler.  Fig.  2, 
an  external  end  view  of  the  same.  Fig.  3,  the  manner  in 
which  the  series  of  pipes  composing  the  boiler  are  fixed* 
and  open  into  the  horizontal  chambers.  Fig.  4^  a  portion 
of  one  of  the  horizontal  chambers  partly  brojken  away. 
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lo  exhibit  the  apertures  for  the  pipes,  and  their  arrange- 
ment. Similar  letters  in  eaeh  figure  refer  to  the  sonie 
parts. 

In  the  section,  fig.  1,  the  semi^elliplical  form  in  which 
the  pipes  ore  bent,  and  the  manner  in  which  they  respec- 
tively cross  each  other,  is  seen;  the  ends  of  these  pipes 
have  screw-threads  on  the  outside,  to  receive  nuts,  which 
secure  them  to  the  horizontal  chambers  b,  as  shown  at 
Rg.  3.  These  chambers  have  also  direct  communication 
with  one  another,  by  means  of  the  vertical  pipes  c,  (figs. 
I  and  2);  dd  are  two  bent  tubes,  leading  from  6  6  into 
the  "separators"  e  e,  which  are  tapered  cylindrical 
wrougbt-iron  vessels  strengthened  by  hoops.  From  SO  to 
50  of  the  pipes  a,  (the  number  depending  upon  the  size  of 
the  apparatus,)  are  arranged  in  the  manner  shown  (figs.  1 
and  4),  in  which  the  fuel  is  placed  as  at  A,  the  heated  air 
and  flames  are  directed  by  a  bridge  t,  to  take  the  course 
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delineated,  before  entering  the  chimney  it;  but  a  con^i* 
derable  portion  of  the  heat  passes  freely  between  and 
round  about  the  pipes,  the  whole  being  exposed  to  the 
powerful  effects  of  a  furnace  so  circumstanced ;  o  is  the 
furnace  door,  and  t  is  the  ash-pit* 

During  the  working  of  the  engine,  the  separators  e  are, 
by  the  usual  means,  kept  supplied  with  water  up  to  the 
level  shown,  which  being  higher  than  the  pipes  in  the 
furnace,  the  latter  are  always  kept  full  of  water,  a  point 
of  essential  importance  in  the  opinion  of  some  engineers. 
The  steam  generated  by  the  heated  pipes  in  the  furnace, 
is  given  off  in  the  upper  part  of  the  separators,  and  pass- 
ing through  the  pipes  /  /,  enters  a  common  pipe  jp,  that 
leads  to  the  engine.  Some  of  Mr.  6urney*s  boilers  have 
two  separators,  others  only  one,  dependent  upon  the  sisse. 

The  boiler  in  the  preceding  diagrams,  being  such  as  is 
used  for  locomotive  purposes,  is  represented  as  being  sur- 
rounded merely  by  a  single  case  of  iron;  to  prevent  the 
radiation  of  heat,  it  is  purposed  that  the  casing  should  be 
double,  with  some  non-conducting  substance  placed  be- 
tween the  two.  For  stationary  boilers,  the  iron  casings 
are,  of  course,  dispensed  with,  and  they  are  set  in  brick- 
work, in  the  usual  manner. 

To  increase  the  intensity  of  the  fire,  the  patentee  pur- 
poses, by  son^e  blowing  apparatus,  to  force  blasts  of  air 
on  the  top  of  the  ftiel,  instead  of  in  the  midst  of  it,  by 
which  means,  it  is  said,  the  smoke  will  be  consumed. 

To  obviate  a  common  objection  to  tubular  boilers,  of 
their  becoming  choked  with  a  deposition  of  earthy  mat- 
ters, Mr.  Ourney  purposes  to  clean  them  out,  when  they 
become  foul,  by  the  following  chemical  treatment*  If 
the  tubes  are  of  tron,  one  part  of  muriatic  acid,  with  100 
parts  of  water,  are  to  be  left  in  the  boiler  a  sufficient  time 
to  dissolve  the  incrustation;  if  of 'copper,  the  following 
solution  is  to  be  used  in  a  similar  way,  viz.  one  pound  of 
common  salt,  half  a  pound  of  sulphuric  acid,  in  four  gal- 
lons of  water.  To  expedite  the  operation  of  cleansing,  a 
small  fire  may  be  made  in  the  boiler,  and  the  steam  be 
employed  to  blow  the  contents  out  of  the  tubes.      To 
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atH}id  incrustations,  Mr.  Ourney  purposes  to  use  only  rain 
or  distilled  water. 

One  of  the  most  prominent  advantages  attending  the 
use  of  this  boiler,  is  the  great  facility  with  which  repairs 
are  executed ;  when  a  tube  is  injured  or  burned,  the  re« 
moving  of  it,  and  the  substitution  of  a  new  one,  are  not  the 
work  of  half  an  hour.  Like  other  tubular  boilers,  it  is 
safe  from  the  effects  of  rupture ;  but  the  ^  separator*' 
being  in  fact  a  steam  reservoir,  that  part  is  as  liable  to 
explosion  as  other  boilers  of  the  same  capacity  and  thick- 
ness of  metal.  The  small  tubes  exposed  to  the  fire,  if 
always  kept  full  of  water,  are  not  likely  to  be  soon  burned 
out.  This  boiler  has,  however,  its  disadvantages,  for  it 
will  be  observed,  that  the  steam  is  given  off  above  the 
surface  of  the  water  in  the  separator,  which  being  re- 
moved from  the  fire,  and  exposed  to  the  cooling  influence 
of  the  atmosphere,  must  cause  a  condensation  of  the 
vapour  to  take  place;  this  appears  to  be  a  defect  in  the 
arrangement. 

Patent  Steam»gener€Uing  Apparatus^  by  Mr.  /.  PerUns. 

LondoUy  1824. 

At  page  244,  Mr.  Perkins's  former  patent  for  heating 
water  in  very  strong  vessels,  under  a  high  state  of  pressure, 
has  been  described.  The  present  invention  is  constructed 
with  a  view  to  the  application  of  the  same  principle,, but 
by  a  totally  different  mecnanical  arrangement,  as  will  be 
seen  by  the  annexed  engraving,  which  represents  a  vertical 
section  of  the  apparatus. 

The  boilers,  or  steam  generators,  as  they  are  called, 
are  in  this  case  very  thick  cast-iron  bars,  five  inches  square^ 
with  circular  holes  perforated  longitudinally  through 
them  of  H  inch  diameter,  a  transverse  section  of  which  is 
exhibited  in  the  figure.  They  are  arranged  in  three  tiers 
A  B  D,  and  are  of  sufficient  length  to  lie  across  the  fttr- 
naca,  and  to  pass  through  the  opposite  walls,  where  their 
extremities  are  connected  together  (by  means  which  we 
nhall  presently  describe,)  so  as  to  form  one  continuous 
vessel.  '  By  the  operation  of  a  forcing  p'ump,  water  is 
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contiimatly  injected  into  the  two  upper  tiers  of  genera- 
tors, so  as  to  keep  them  always  full,  and  under  the  pres- 
sure of  a  heavily  loaded  valve.  The  lowest  tier  of  gene- 
rators contain  no  water,  bat  are  kept  at  a  temperature  of 
about  1000°  Fahrenheit. 

At  each  stroke  of  the  engine,  a  certain  quantity  of 
water,  heated  to  abont  700°  or  800°  Fahrenheit,  is  dis- 
placed from  the  two  upper  tiers,  and  discharged  into  the 
valve  box  c,  communicating  with  the  lowest  tier,  wherein 
the  water  instantly  fiaahes  into  steam ;  the  steam  thus 
formed,  passes  successively  through  every  pipe  in  the 
lowermost  range,  which  is  exposed  to  the  strongest  action 
of  the  fire,  before  it  enters,  by  a  short  tube,  the  safety 
chamber  L,  for  the  supply  of  the  engine,  to  which  it  is 
conveyed  by  the  pipe  H.     At  O  is  a  loaded  valve,  to 
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relieve  the  pressure,  should  the  chamber  become  over- 
charged with  steam. 

The  mode  of  connecting  the  ateam  generators  together, 


(FIG.  2.) 


(FIG.  3.) 


before  alluded  to,  we  will  here  describe 
by  reference  to  fig.  2,  in  the  margin  ;  a  a 
represent  the  end  pipe^  by  which  those 
that  lie  across  the  furnace  are  connected 
together,  so  as  to  form  one  continuous 
chamber,  the  apertures  in  them  are  formed 
in  the  casting,  and  the  parts  are  brought 
closely  together  by  an  ingenious  and 
strong  method,  shown  on  an  enlarged 
scale,  in  the  annexed  fig.  3-  6  is  a  perfo- 
rated piece  of  metal,  of  the  figure  of  two 
cones,  united  at  their  bases,  and  with  their 
apexes  inserted  into  the  pipesdrf,  the  ends 
of  which  are  turned  to  receive  them;  c  c 
are  flanges  fixed  to  the  pipes,  and  con- 
nected by  regulating  screw-bolts  a  a ;  the 
latter  being  turned  by  a  spanner,  will  ob- 
viously press  the  cones  against  the  orifices 
of  the  tubes,  and  strongly  unite  them;  af- 
fording also  a  ready  and  convenient  means  ' 
of  disuniting  them  whenever  required. 

Although  (here  are  many  parts  in  the  foregoing  apparatus 
thatareingeniousand  useful,  there  are  some  deviations  from 
established  axioms,  that  we  cannot  view  in  the  light  of 
improvements;  for  instance,  Mr.  Perkins  makes  the  out- 
sides  of  his  tubes  square,  which  does  not  increase  their 
strength,  while  it  adds  greatly  to  their  weight  and  cost. 
The  generating  tubes  are  unquestionably  safe  from  ex- 
plosion; and  the  mode  of  generating  steam  by  (hem  is  on 
the  flame  principle  as  that  of  his  former  patent,  namely, 
beating  water  under  great  pressure,  before  allowing  it  to 
expand  into  steam.  Mr.  Perkins  had,  in  his  first  appa- 
ratus, no  steam  chamber,  because  he  considered  them  in- 
secure and  unnecessary.  Water  (he  argued)  being  an 
incompressible  fluid,  if  a  pipe  bursts  it  was  only  a  simple 
harmless  separation  of  the  parts.     In  (his  new  apparntus. 
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bowever,  Mr.  Perkins  has  added  what  he  terms  **  a  tafety 
chamber"  which  beinj^  in  fact  a  steam  chamber,  is  a  mis- 
nomer, and,  according  to  his  own  reasoning,  a  danger  - 
chamber.  This  vessel  should  be  of  ^reat  thickness,  to 
withstand  the  enormous  pressure  to  which  it  is  subjected. 
Mr.  Perkins  has,  unfortunately,  not  yet  demonstrated  the 
advantage  of  steam  at  such  a  great  pressure,  notwith- 
standing the  numerous  ingenious  modifications  he  has 
made  in  the  apparatus  for  effecting  it. 

Patent  Steam  Engine  Boiler,  by  Mr.  John  PooU,  of  Shef- 
field. 1827. 
This  invention  consists  in  placing  a  series  of  boilers  one 
over  the  other,  in  the  manner  shown  in  the  annexed  en- 
graved figure,  which  represents  a  vertical  section  of  the 
apparatus.  The  water  thus  distributed  presents  in  the 
aggregate  an  increased  extent  of  surface,  and  cons^ 
quently,  it  is  presumed  by  the  inventor,  an  increasc-d  rapa- 
bility  of  generating  steam,  without  requiring  a  corres- 
ponding augmentation  of  the  heat,  or  expenditure  of  fuel ; 
the  series  of  vessels  thus  arranged  being  set  in  a  furuace,: 
and  surrounded  with  a  spiral  flue,  according  to  tbe  most 
approved  constructioo. 


I 


T||0'8pecificatioD  of  thb  pateDl  is  illustrated  by  four 
drawiiigSy  fi^presentiug  as  Dmny  modiiications  oftheappa« 
ratus ;  all  these  are  given  in  perspective  outline,  together 
lirtth  the  method  of  filling  and  regulating  the  supply  of 
water  by  means  of  floats,  and  also  by  means  of  the  force- 
pump.  As  the  patentee  does  not  claim  these  appendages, 
and  as  they  are  well  known  and  in  general  use,  our  dia- 
gram consists  of  a  single  sectional  view,  which,  while  it 
combines  the  principle  of  the  four  perspective  drawings^ 
exhibits  it  in  a  more  palpable  manner. 

auaa  are  four  vessels  connected  together,  b  supply 
pipe,  ccc  tubes  for  conducting  the  water,  successively, 
into  the  vessels  underneath,  when  it  rises  above  the  level 
shown.  To  ascertain  the  depth  of  water  in  the  lowermost 
boilec,  a  pipe  and  cock  must  be  fixed  to  it,  or  some  other 
of  the  usual  means  resorted  to ;  d  ddd  are  the  steam  pas- 
'sages  from  each  boiler,  and  made  sufficiently  capacious  to 
serye  as  man-holes,  when  the  boilers  have  to  be  cleaned 
out ;  €  0  €  €  are  waste  pipes,  for  drawing  off^  the  contents 
of  each  vesseL 

In  one  of  the  patentee's  drawings  is  exhibited  a  me- 
thod of  cleaning  the  boilers  from  sediment  or  incrustation, 
by  the  dragging  of  chains  over  their  bottoms.  For  this 
purpose  there  is  a  vertical  shaft,  with  four  horizontal 
arms  branching  from  it,  one  in  each  boiler,  forming  the 
radius  of  its  circle,  to  which  the  chains  are  suspended. 
Kotdry  motion  being  then  given  to  the  vertical  shaft 
by  suitable  gear^  the  chains  scour  the  bottom  of  each 
vessel. 

The  latter  application  of  drag-chains  is  common  to 
stills^  especially  those  which  are  employed  by  the  malt 
distillers,  wherein  the  grain  is  distilled  in  substance.  The 
patentee,  however,  purposes  to  apply  his  invention  to 
stills;  but  in  this  respect  it  possesses  no  novelty,  being 
almost  identical  with  Saintmarc*s  patent  still  (described 
No''.  76,  Register  of  Arts).  As  a  steam-engine  boiler, 
(which  is  the  only  light  in  which  it  can  properly  be  viewed 
in  this  treatise,)  the  contrivance  appears  to  be  new ;  but 
then,  unfortunately,  it  possesses  no  advantage,  it  being  a 
\H  3  F 
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vei^  mistakftn  notion  on  tbe  part  of  the  patentee,  that  tba 
extension  of  the  surface  of  water  increases  the  capaeitf 
for  generating  steam. 


(Patent  Steam-Boat  Boiler,  by  Mr.  James  Fraxer,  iff 
Hmneditclt.    ]3'^7. 

The  pr^eding  diagram  represents  four  different  views 
of  the  npparatuB,  (he  examination  of  which,  together  with 
the  following  explanation,  will  render  its  arrangements 
evident. 
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.  Fig.  ly  is  a  front  eleTation ;  fig.  S,  a  transverse  vertical 
veclion;  fig*  3,  a  longitudinal  vertical  section;  fig«  4,  a 
horixontal  section,  or  plan ;  the  same  letters  in  each  figure 
indieate  similar  parts*  At  a  a  are  two  furnaces  and  ash- 
pits, the  current  of  air  and  flames  from  which,  first  pro- 
ceed horizontally^  as  shown  by  the  arrows,  then  descend- 
ing at  b  6,  they  unite  and  take  a  contrary  course  in  a 
wider  channel  c,  immediately  underneath  the  former,  to  the 
front  of  the  boiler;  here  the  current  separates,  a  part 
going  as  it  were  to  the  right,  and  a  part  to  the  left,  into 
the  narrow  side- flues  d  d,  at  the  farthest  extremity  of 
which  e,  the  currents  unite  again,  and  proceed  by  the 
middle  channel  fj  to  the  front  of  the  boiler,  where  they 
ascend  into  the  chimney  ^ ;  A  is  the  steam  room.  The 
steam  pipe,  safety  valves,  man-hole,  &c.  being  the  same 
as  in  other  boilers,  it  is  needless  to  describe  them  here. 

This  boiler  being  especially  designed  for  the  use  of 
steam-boats,  no  part  of  the  furnace  or  flue  is  allowed  to 
eome  in  contact  with  the  wood-work  of  the  vessel,  but  is 
wholly  surrounded  by  water;  the  disposition  of  the  latter 
in  thin  layers,  divided  by  long  intervening  flues,  is  inge- 
nious, and  well  calculated  to  produce  steam  with  rapidity 
and  economy. 

Paieni  Improvements  in  Steam  Boilers^  by  Anthony  Scotty 
qfSouthwark  Pottery ^  Durham.    1888. 

The  advantage  attending  the  employment  of  good  heat- 
conducting  substances,  as  the  materials  for  the  construc- 
tion of  steam  boilers,  is  entirely  counteracted  when  their 
bottoms,  and  sides  become  incrusted  (as  is  commonly  the 
case,  in  a  greater  or  less  degree,)  with  earthy  depositions 
from  the  water;  as  such  incrustations  form  a  non-con- 
ducting shield  between  the  fire  and  the  matter  to  be 
heated.  To  prevent  this  injurious  effect,  Mr.  Scott  places 
slabs  or  trajrs  of  metal,  stone,  or  wood,  near  to  the  bottom 
of  the  boiler,  which,  it  is  said,  so  reduces  the  agitation  of 
the  water  during  the  ebullition,  that  nearly  the  whole  of 
the  sediment  descends  by  its  own  gravity,  and  deposits 
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itaeit  m  the  trays,  instead  of  on  the  bottom  of  the  boibr. 
The  trail BmisBioB  of  tbft  heat  is  not  intercepted  by  Mm 
arrangement,  while  the  trays  are  renoTable  at  pleaaore^ 
for  clearing  them  of  the  sediment  deposited  upon  them. 

Another  serioas  evil  resvlta  flrom  tbe  incrostatiOBS ;  the 
heat  which  the  water  woatd  tahe  up  beiag  intereep4ed- by 
a  non-conducting  sabstance,  it  aets  powerfolly  upon  iba 
substance  of  the  boiler,  and  the  metal  is  tbu^as  it  ia 
termed,  "burnt  "OUt."  Mr.  Scott's  (rays  will  in  a  great' 
measure,  if  not  wholly,  prevent  this  effect  talcing  ^ace. 

(FIG.  1.)  (FIG.  2.) 


Patent  Steam  Boiler^  by  Paul  Steenstrup,  Esq.  of  Basing' 
Lane,LoHdon.  1838. 

The  conxEruction  of  this  bf>i1er,  it  will  be  perceived,  it 
much  like  that  of  Mr.  Frier's,  described  at  page  403; 
its  arrangements  seem  to  render  it  more  adapted  to  steam 


boM»llnte  to  other  purposes.  It  consitits  of  an  upper  asd 
lower  elittttiber,  eounected  to^^ether  at  the  sidesy  and  by 
means  of  vertical  tubes^ 

Fig.  1, 19  an  end  elevation  of  the  boiler;  fig.  2,  a  trans* 
vecse  vortical  section;  and  fig«  3^  a  loDfitudinal  vertical 
secticm;  the  same  letters  of  reference  deaignatinn;  similar 
p«rts  in  each,  a,  i»  the  upper  divisioa,.  or  steam  chamber ; 
6,  the  lower  chamber,  connected  with  the  upper  by  the 
aide  chambers,  and  by  vertical  tnbes^  c  c  c,  as  shown  in 
the  sections ;  d,  represents  the  fire  bars^  on  which  the  fuel 
is  laid ;  e,  the  bridge ;  /,  the  ash-pit ;  g^  the  chimney,  which 
is  likewise  surrounded  with  water  to  eeonomisd  the  heat ; 
h  is  the  steam. pipe ;  k  the  man*hole. 

The  patentee  states  that  this  boiler  may  be  adapted  to 
burn  any  kind  of  fuel,  t*  e.  coke,  coal,  or  wood,  by  merely 
shifting  the  bridge  farther  back,  or  advancing.it  to  the  fore 
part  of  the  boiler;  also  that  the  tubes  c,  which  pass 
through  between  the  fire  bars,  will  acquire  a  higher  degree 
of  temperature  than  those  near  the  chimney,  and  thereby 
cause  an  ascending  and  descending  current,  which  is  fa- 
vourable to  the  generation  of  steam. 

(PIG.  1.) 


Patent    Steam    Engine    Boiler^  by    Thomas  Tippetty  of 

Gwennap^  Cornwall.     1828. 

The  object  of  the  patentee  in  this  boiler  has  been  similar 
to  that  of  most  of  his  predecessors,  that  of  exposing  as  ex- 
tensive a  surface  as  possible  of  metal  to  the  influence  of  the 
furnace.    Fig.  1,  represents  a  front  end  view,  and  fig.  2,  is 
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a  flide  view ;  the  same  letters  of  reference  io  each  refemng, 
to  similar  parts,  a,  is  a  double  cylinder^  of  the  umwI  eon* 
struction  of  the  cylindrical  boiler^  the  internal  cylinder 
constituting  the  fire-place  and  flue.  From  the  external 
cylinder,  which  contains  water,  proceed  three  rows  of 
open  vertical  pipes,  bb  by  which  support  a  semi-cylindrical 
vessel,  €•  At  the  farthest  extremity  of  the  cylinder  a, 
proceeds  horizontally  a  short  open  pipe,  d,  communicating 
with  a  small  supplementary  boiler,  which  is  a  cylinder  of 
the  same  area  as  a,  but  very  short. 

This  boiler  is  built  in  a  furnace,  in  which  the  flues  are 
so  arranged,  that  the  heated  air,  in  passing  out  at  the  end 
/  of  a,  shall  impinge  against  the  vertical  side  of  the  sup* 
plementary  boiler;  the  flue  thence  proceeds  upward,  and 
along  the  underneath  flat  side  of  the  semi-cylindrical' 
vessel,  and  between  the  vertical  tubes  to  the  front  of  the 
boiler ;  here  it  descends  and  passes  under  a,  round  the 
back  of  the  supplementary  boiler,  then  rises  again  over 
the  top  of  the  semi-cylindrical  vessel,  and  proceeds  to  (he 
chimney,  which  is  in  front,  nearly  over  the  furnace  doors* 


Steam  Engine  Bailer  and  Furnace^  adapted  to  the  use  qf 
Anthracite  Coal^  by  S.  H.  Long^  Colonel  ofEngineersy 
Philadelphia.    1827. 

The  description  of  this  invention  is  extracted  from  the 
Franklin  Journal,  published  in  Philadelphia,  and  is  the 
'subject  of  a  communication  from  the  inventor,  who  says :— • 
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^  The  objects  in  view  are  the  construction  of  a  boiler, 
that  shall  present  the  largest  surface  to  the  action  of  the 
heat,  with  the  smallest  quantity  of  water,  and  such  an 
arrangement  of  the  fire-place,  as  will  subject  the  fuel  to 
the  strongest  draught,  and,  at  the  same  time,  apply  the 
largest  portion  of  heat  to  the  production  of  steam.  The 
manner  in  which  1  purpose  to  accomplish  these  objects,  is 
as  follows: — 

<'  The  accompanying  figure  exhibits  a  vertical  section  of 
the  boiler,    a  a  represents  a  cylinder  of  any  convmiient 
dimensions,  formed  of  sheet  iron,  iV  or  }  inch  in  thickness, 
rivetted  in  the  usual  manner,  and  constituting  the  exterior 
of  the  boiler.    The  head  of  the  boiler  is  furnished  with 
a  man-hole  and  cap,  and  also  with  an  aperture,  through 
which  the  steam  is  to  be  conveyed  to  the  working  cylinder 
of  the  engine,  c  c ;  a  conical  frustrum,  with  a  concave 
summit,  formed  of  sheet  iron,  of  the  thickness  above«nien* 
tioned,  constituting  the  interior  of  the  boiler,  and  at  the 
same  time  serving  as  a  fire-place.    The  diameter  of  its' 
base  is  about  two  inches  less  than  that  of  the  cylinder  a, 
while  that  of  the  summit  is  about  six  inches  less;  so  that 
the  thickness  of  the  circular  sheet  of  water  contained  in 
the  boiler,  is  one  inch  only  at  the  bottom,  and  about  three 
inches  at  the  top  of  the  frustrum,  while  the  depth  above 
the  latter  does  not  exceed  three  inches.    The  frustrum 
and  cylinder  are  firmly  connected  at  bottom,  by  means  of 
a  ring,  g  g^  of  cast  iron  or  other  metal,  and  rivets  passing 
through  them  respectively.     The  ring  g  g  must  extend 
below  the  cylinder  and  frustrum,  far  enough  to  receive  a 
flanch  or  step,  for  the  support  of  the  grates  6,  which  are 
to  be  adjusted  to  the  circular  area  of  the  fire-place.    The 
door  is  10  or  12  inches  in  diameter,  through  which  fuel 
is  to  be  administered.     It  is  formed  by  means  of  a  sleeve 
of  sheet  iron,  firmly  rivetted  to  the  cylinder  and  frustrum, 
through  the  sides  of  which  last  is  a  corresponding  perfo- 
ration of  the  same  diameter.     The  flue  proceeds  from  the 
side  of  the  upper  end  of  the  frustrum,  and  communicates 
with  the  chimney. 
^^  The  flue  may  be  constructed  in  such  a  manner  as  to  pass 


406  l4ONO^<.B0lf4BR. 

or  wind  upon  the  outside  of  the  cylinder,  ana  apply  its 
heat  exteriorly  to  the  boiler,  and  then  comBiunicate  with 
the  chimney.  The  boilW  may  be  sheathed  on  the  outside 
with  pine  staires,  or  any  other  fion-conductor. 

'^  The  debited  Hne  to,  represents  the  surface  of  the  water 
in  the  boiter^i  tho  space  above  seririeg  as  steam  room.  The 
tube  thro!ifgh%liich,the:water  is. conveyed  into  jLhe  boiler, 
may  enter  the  latter,  at  any  convenient  point  below  the 
surface  to. 

^^k  h  represents  a  prolon^^atioo  of  the  ring  fidapted  to 
ihe  use  of  anthracite^  which  cannot  readily  be  ignited,  in 
contact  with  a  conductor  at  a  low  teoyperature.  The 
depth  of  the  ring  should  be  about  .one  foot.  It  must  be 
lined  with  fire  bricks,  or  lute  of  suitable  thickness,  as  re- 
presented- at  /,/,  resting  upon  the  grates  t,  or  otherwise 
supported.  The  fire-placein  this  instance  will  be  situated 
below  the  boiler,  and  included  within  the  ring  A.  The 
whole  of  the  heat  that  may  be  generated  must  ascend 
through^  the  boiler,  and  a  large  portion  of  it  be  applied 
to  the  production  of  steam. 

*'  The  flanch  or  step  for  the  support  of  the  grates  will  be 
circular,  and  -may  be  inserted  within  the  ring  a,  and  sus- 
tained by  screw  bolts  or  rivets  passing  through  it  and  the 
ring,  as  represented  in  the  figure. 

^^Ahy  number  of  boilers,  of  the  description  above  given, 
may  readily  be  combined  and  made  subservient  to  the  pro- 
duction of  steam,  sufficient  for  the  supply  of  the  most 
powerful  engines. 

^  If  we  assume  three  feet  for  the  height  of  the  frustrnm, 
S4  inches  for  its  greatest,  and  90  inches  for  its  least  dia- 
meter ;  and  three  feet  for  the  diameter,  and  four  feet  for 
the  height  of  the  cylinder  a;  the  surftice  exposed  to  the 
action  of  the  heat  will  be  about  28  square  feet,  nearly 
equal  to  that  of  a  locomotive  engine  of  the  ordinary  con- 
struction, while  the  weight  of  the  water  contained  in  the 
boiler  will  be  less  than  one  third  of  that  required  for  the 
common  cylindrical  boiler.*' 

The  hints  herein  afforded  for  the  burning  of  anthracite 
may  prove  useful ;  the  arrangement  appears  good,  and  a 
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large  surface  of  iioiler  is  exposed  to  the  action  of  the  fire; 
it  possesses,  however,  but  little  novelty,  as  a  very  similar 
contrivance  for  generating  steam  was  proposed  in  the  Re* 
gi^ter  of  Arts,  vol.  3,  (first  series),  page  S39,  which  was 
the  subject  of  a  communication  to  that  work  by  the  author 
of  this  Appendix,  about  sixteen  months  prior  to  Colonel 
Long*s  letter  in  the  Franklin  Journal.  The  plan  was  to 
have  two  cones  concentrically  placed,  the  inner  cone  to 
constitute  the  fire-place,  with  a  descending  flue,  and  the 
space  between  the  inner  and  outer  cone  to  constitute  the 
boiler. 


Self-acting  Feeder,  far  High'pressure  Boilers^  by  R.  and 
W.  FranklMUj  of  Tottenham  Court  Road.    IS25. 

It  is  the  universal  practice  to  supply  the  boilers  of  con- 
densing engines  with  water,  by  means  of  a  float;  but  to 
the  application  of  a  float,  in  the  usual  way,  to  high-pres- 
sure (jollers,  there  are  two  objections^  The  first,  is  the 
inconvenient  height  of  the  jack-head,  in  order  to  coun- 
terbalance the  pressure  of  the  steam,  (a  pressure  of  40 
pounds  on  the  inch  requiring  the  jack-head  to  be  70  feet 
higher  than  the  boiler);  the  second,  is  the  difiiculty  of 
packing  the  floa.t  rod,  so  as  to  prevent  the  escape  of  steam, 
and  yet  allow  the  rod  to  move  easily,  when  acted  on  by  so 
small  a  force  as  tl^e  hydrostatic  weight  on  the  float. 

To  obviate  these. difficulties,  Mr.  Franklin  substitutes 
a  heavily  loaded  valve  instead  of  a  high  jack-head,  and 
altogether,  avoids  the  use  of  a  stuffing-box,  by  placing  the 
lever  of  the  float  within  the  boiler,  as  will  be  seen  on  re- 
ference to  the  annexed  figure,  which  gives  a  sectional 
view  of  the  apparatus  as  applied  to  a  boiler. 

a  a  shows  a  portion  of  the  upper  part  of  a  boiler,  b  the 
man  hole,  c  the  level  of  the  water  in  the  boiler,  d  a  lever 
suspended  by  an  arm  to  the  top  of  the  boiler,  and  having, 
the  float  e  at  one  end,  and  the  counterpoise/ at  the  other; 
g  is  a,  rod  of  half-inch  round  iron,  connected  with  that 
arm  of  the  lever  which  carries  the  counterpoise ;  it  passes 
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Ihrough  the  guide  or  ring  t,  which  is  rivetted  to  the  Teed 
pipe  i,  and  is  attached  at  bottom  to  a  round  flat  disc  h. 

The  feed  pipe  it,  is  long  enough  to  have  its  orifice 
always  below  the  level  of  the  water  c;  its  upper  end  is 
closed  by  the  valve  I,  and  to  the  bottom  of  the  valve  is 
screwed  a  long  tail  or  spindle,  which,  when  the  valve  is 
shut,  descends  below  the  opening  of  the  feed  pipe,  and 
almost  rests  upon  the  plate  or  disc.  As  the  water  lowers 
by  evaporation,  the  float  end  of  the  lever  descends,  and 
the  opposite  end  risesi  the  consequence  of  this  will  be 
to  raise  the  end  g,  to  bring  the  plate  A  in  contact  with 
the  end  of  the  spindle  of  the  valve  /,  and  thus  to  raise 
the  valve  itself,  and  open  the  feed  pipe,  as  represented 
in  the  figure.  The  box  m,  having,  been  previously 
filled  with  water  by  means  of  the  forcing  pump,  at 
the  end  of  the  service  pipe  n  n,  (not  shown),  all  reflux 
of  hot  water  from  the  boiler  is  prevented  by  the  valve 
o.  As  soon  Ds  the  pressure  of  the  forcing-pump  ex- 
ceeds that  of  the  steam,  the  valve  o  is  lifted,  and  water 
passes  through  the  pipe  n,  into  the  box  m,  and  thence 
down  the  feed  pipe  k,  into  the  boiler ;  the  valve  I,  being 
prevented  from  cosing  by  the  support  which  it  receives 
from  the  plate  A.     As  the  level  of  the  water  in  the  boiler 
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rises,  the  counterpoise  end  of  the  lever  d  descends,  and 
with  it  the  rod  9,  the  plate  A,  and  the  valve  /•  In  this 
situation  of  the  machinery,  the  water  delivered  by  the 
service  pipe  raises  the  valve  m,  passes  the  box  9,  and 
flows  off  by  the  waste  pipe  i •  The  valve  p  also  acts  as  a 
safety-valve  to  the  boiler,  its  pressure  being  adjusted  by 
means  of  the  weight  on  the  lever  r*  The  working  pros- 
sure  of  the  steam  in  the  boiler  having  been  determined, 
the  load  on  the  valve  p,  must  be  greater  than  this,  but  less 
than  the  power  applied  to  the  forcing  pump* 

This  is  an  ingenious  method  of  regulating  the  quantity 
of  water  supplied  by  a  forcing  pump  to  high-pressure 
steam  boilers,  and  obtained  for  its  inventors  a  reward 
from  the  Society  of  Arts,  in  1825.  The  mode  of  suspend- 
ing the  float  lever  in  the  interior  of  the  boiler  is  deserving 
of  imitation,  in  low  as  well  as  high-pressure  boilers. 

Method  of  supplying  Boilers^  by  Mr.  Thomas  Hally  of 

Glasgow. 

In  the  year  18S2,  Mr.  Hall  introduced  a  method  of  sup- 
plying steam  boilers  with  water,  by  which  a  considerable 
saving  in  fuel  was  effected;  amounting  in  a  60  horse 
engine  (employed  at  the  Glasgow  Water  Company^s 
works,  to  which  the  improvements  were  applied),  to  no 
less  than  19cwt.  per  day,  or  about  25  per  cent.,  as  was 
attested  by  the  secretary  of  the  company. 

Instead  of  allowing  the  admission  of  a  constant  supply 
of  water  into  the  boiler,  suited  to  the  proportion  of  steam 
required,  Mr.  Hall  admits  a  given  quantity  at  stated 
times. 

The  60  horse  engine  in  question  was  worked  about  17 
hours  daily,  at  a  speed  of  IS^  strokes  per  nrinute ;  diameter 
of  the  pump,  22  inches ;  stroke,  eight  feet ;  height  to  which 
the  water  is  raised  by  it  in  the  city,  130  feet.  This  engine 
was  provided  with  three  boilers,  each  16  feet  9  inches 
long,  5  feet  6  inches  wide,  and  6  feet.l  inch  deep.  Length 
of  furnace  bars,  3 feet  3  inches;  width  of  furnaces,  4  feet 
6  inches;  declivity,  one  foot  in  three.     The  foregoing 
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proportions,  though  admirably  adapted  for  the  eoiiHDoii 
mode  of  working,  were  found  unnecessarily  large  upon 
Mr.  Hall's  plan ;  accordingly,  their  dimensions  were  con- 
tracted  nearly  one  fourth,  and  two  boilers  alone  were 
found  fully  adequate  to  supply  the  engine  with  steam ;  the 
common  height  of  the  water  in  the  lyoiler,  three  feet  six 
inches. 

When  engines  are  stopped  at  night,  there  is  always  a 
quantity  of  fuel  left  unconsumed,  to  which  more  fuel  Is 
generally  added,  in  order  to  have  the  flirnaces  in  a  proper 
state  for  starting  in  the  morning.  The  fire  being  thus 
kept  up,  it  is  obvious,  must  cause  a  considerable  reduction 
of  the  water  in  the  boiler,  so  that  the  engines  are  again 
set  going,  a  great  deal  of  water  must  be  let  in  to  supply 
the  loss  sustained  by  evaporation ;  at  which  time  also,  a 
great  addition  of  fuel,  and  much  care  and  attention,  aire 
requisite.  To  obviate  these  disadvantages,  Mr.  Hall 
adopted  the  plan  of  running  in  a  given  quantity  of  water 
into  the  boiler,  above  the  ordinary  height  at  night,  which 
he  found  might  be  done  quite  safely,  in  boilers  of  ithe 
above  size,  to  the  extent  of  18  inches.  To  prevent  the 
danger  of  overfilling,  or  the  inconvenience  of  not  introf 
ducing  a  sufficient  quantity,  Mr.  Hall  placed  another 
float  in  the  boiler,  above  that  in  general  use,  which  com* 
pletely  answered  the  purpose.  This  second  float  he  fixed 
at  the  distance  of  *18  niches  from  the  first,  and  counter* 
poised  it  by  a  weight  under  the  common  one. 

k  /,  figs.  1  and '2,  represent  the  two  floats  in  the  boiler 
m,  with  their  respective  counterpoises  n  o.  By  removing 
the  )veight  n,  the  floats  descend,  and  consequently  open 
the  feeding  valve  p,  fig.  S;  water  being  then  admitted  by 
turning  the  stop-cock,  the  feeding  of  the  boiler  goes  on, 
till  the  water  having  reached  the  upper  float,  it  gradually 
ascends  and  shuts  the  feeding  valve,  thereby  preventing 
the  admission  of  water  heyond>the  height  already  stated, 
and  requiring  also  the  instant  shutting  of  the  stop-cock, 
neglecting  which  would  occasion  waste  of  water,  by  over* 
flowing  the  damper-pipes. 

Mr.  Hal]  states  that  he  was  next  led  to.the  invention  of 
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(PIG.  3.) 


(FIG.  1.) 


J.S.) 


the  small  cistern  g,  fi^.  1 ;  this  he  placed  on  a  level  with 
the  top  of  the  feeding  pipe,  wilh  which  it  commanicaten 
by  the  conduit  pipe  ii.  On  the  top  of  this  cistern  is  a 
vaWe  e,  rendered  self-acting  by  means  of  a  float  A,  sus- 
pended from  the  lever  e,  and  counterpoised  by  the  weif^lit 
d.  The  action  of  this  apparatus  is  as  follows: — when  the 
engine  is  stopped  for  the  night,  all  that  is  necessary  is  the 
removal  of  the  counter  weislit  R)  fig-  2,  on  which  the 
(Ceding  valve  p  instantly  opens,  from  the  descent  of  the 
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compound  float  k  /;  the  water  then  floats  along  the  con* 
duit  pipe  t  j,  from  the  cistern  g^  causes  the  falling  of  the 
float  hj  the  consequent  opening  of  the  valve  c^  and  the 
admission  of  the  water  from  the  main  cistern  a,  by  the 
pipe  b.  A  constant  supply  is  thus  kept  flowing:  into  the 
boiler,  until  by  the  ascent  of  the  water  to  the  line  parallel 
with  the  float  k^  fig.  1,  the  feeding  valve  is  shut;  the 
water  however  continuing  to  flow  into  the  small  cistern  g^ 
raises  the  float  A,  which  shuts  off  the  communication  with 
the  pipe  6,  by  the  valve  c.  The  feeding  of  the  boilers  is 
thus  managed  with  great  simplicity  and  certainty,  the 
waste  of  water  completely  prevented,  and  attendance  of 
the  stop-cock  rendered  unnecessary.  By  suspending  the 
lower  counterweight  in  its  place,  at  the  time  of  setting 
the  engines  to  work,  the  further  ingress  of  water  is 
stopped,  this  extra  18  inches  being  found  suflicient  to 
work  the  engine  nearly  six  hours.  The  running  in  of  a 
large  quantity  of  water  at  this  time,  as  well  as  the  care 
and  attention  required  to  be  paid  to  the  firing,  on  the 
ordinary  mode  of  feeding,  are  also  di<^pensed  with.  It 
has  been  stated  that  the  quantity  of  water  admitted  into 
the  boiler  at  night,  beyond  the  common  height,  is  18 
inches;  this  addition,  however,  from  the  heat  of  the  fur- 
naces, soon  attains  a  state  of  ebullition,  and  a  consequent 
diminution.  Here  the  utility  of  the  self-acting  valves  in 
the  cistern  will  be  evident,  as  whatever  waste  takes  place 
in  the  boiler  is  thereby  completely  provided  for.  By  the 
single  process  of  admitting  this  more  than  ordinary  height 
of  water  at  night,  from  eight  to  ten  hundred  weight  of 
fuel  is  saved.  Where  engines  cannot,  from  the  nature  of 
the  work,  be  conveniently  stopped  during  the  day,  the 
saving  from  the  filling  at  night  only  can  be  obtained;  for 
the  weight  n  being  an  exact  counterpoise  to  the  upper 
float  ir,  so  soon  as  the  water  in  the  boiler  has  decreased 
beyond  18  inches,  the  under  float  comes  into  action,  the 
same  as  if  the  other  had  not  been  in  use,  and  feeds  the 
boiler  in  the  common  way.  But  where  engines  can  at 
any  time  be  stopped,  to  allow  the  introduction  of  a  given 
height  of  water  into  the  boiler,  the  great  advantage  of 


hall's  peedbr.  415 

doing  so  will  be  apparent.  The  waste  of  fael  during  this 
operation  is  rendered  quite  trifling,  the  dampers  being 
confined  somewhat  below  the  working  point,  by  means  of 
a  hook  and  chain.  A  further  saving  of  nearly  five  hun- 
dred weight  is  obtained  by  this  second  filling,  and  a  third 
suffices  for  the  day's  work  of  17  hours,  in  the  60  horse 
engine  before  mentioned,  when  the  same  result  is  pro* 
dneed,  completing  a  saving  of  nearly  a  ton  of  fuel  per 
day,  or  25  per  cent. 

The  saving  in  fuel  might  be  carried  to  a  still  greater 
extent,  if  the  main  cistern,  a,  were  placed  in  a  convenient 
situation  to  receive  the  warm  water  from  the  engine,  and 
if  steam-engine  boilers  in  general  were  made  sufficiently 
large  to  allow  the  admission  at  night  of  the  requisite 
quantity  of  water  for  the  ensuing  day's  work,  particularly 
where  engines  cannot  be  stopped  during  the  day. 

The  diagram  fig.  3,  shows  the  floats,  and  the  manner  of 
fixing  them  to  any  given  height  by  the  sliding  rod,  at* 
tached  to  the  same  lever  as  the  common  float.  The  utility 
of  this  invention  will  be  evident  in  those  works  where 
engines  are  stopped  at  meal  hours,  or  any  other  time ;  as, 
whatever  quantity  of  water  may  be  required  to  be  run 
into  the  boiler,  all  the  fireman  has  to  do,  is  simply  to  re- 
move the  counterweight  n,  and  fix  the  float  k  to  the 
height  required. 

The  following  is  a  comparative  statement  of  the  actual 
consumption  of  fuel,  on  the  old  and  new  modes  of  working 
the  60  horse  engine  of  the  Glasgow  Water  Works,  as 
attested  by  the  secretary  of  the  company. 


Ooe  week*B  consumption  upon  the  old  mode    $4    3       Ashes    1  16 
Ditto,  on  Mr.  Hairs  new  mode 18  12       Ditto     1    4, 
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Equal  to  about  19  hundred  weight  less  per  day,  and  two 
hundred  weight  less  ashes. 

In  concluding  this  part  of  our  subject,  we  have  the 
pleasure  to  state,  that  a  very  important  improvement  has 
been  made  to  steam  boilers,  applicable  to  all  forms,  in- 
cluding those  of  the  tubular  kind,  which  will  entirely 
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prevent  the  incrustation  of  cleppsits,  and  twill  enable 
boilers  40  be  cleaned  out  at  anytime^  without  stpppiog 
the  engines.  We  are  not  permitted  to  say  ^ore^  as  the 
invention  is  not  .y^t  secured  by  the  sealing  of  the  patent. 

SBTTINO  OF  STEAM  BOILSaS. 

In  the  setting  of  steam  boilers,  the  usual  width  left  for 
the  side  flues  is  nine  inches;  the  object  of  Which  has  been 
to  allow  suflScient  room  for  the  passage  of  a  sweeping  boy 
to  clear  them  of  the  soot.  In  some  instances,  however, 
this  width  has  been  reduced  to  four  or  five  inches,  and 
mechanical  means  resorted  to  for  sweeping  them.  A 
double  advantage  results  from  this  improvement,  viz,  a 
considerable  saving  of  fuel  is  effected,  and  the  degrading 
employment  of  the  chimneysweep  superseded.  The  flues 
will  require  sweeping  more  frequently,  by  their  being 
contracted  in  their  dimensions,  but  by  the  removal  of  a 
brick,  or  a  plug  or  two,  and  the  insertion  of  long-handled 
brushes,  it  is  easily  effected. 

» 

SAFETY  VALVES. 

> 

It  would  be  needless  to  expatiate  on  the  importance  of 
safety  valves  to  the  steam  engine,  sipce  the  term  itself 
conveys  to  the  mind  not  only  their  importance,  but  their 
necessity.  The  invention  was  first  introduced  by  Dr. 
Papin,  in.  1684,  as  an  appendage'  to  liis  apparatus  for  dis- 
solving bones  by  steam  at  a  high  pressure;  but  to  Savery 
is  due  the  merit  of  first  applying  it  to  the  steam  eogineu 
It  afterwards  received  some  improvement  in  its  form  by 
Heighten,  since  which  time  (1718)  the  apparatus  has  re* 
mained  unaltered  in  its  form ;  and  its  denomination,  the 
Steelyard  sqfeiy  valve^  (which  it  received  in  consequence 
(»f  its  resemblance  to  the  ancient  weighing  machine,)  re- 
mains the  same. 

Safety  valves  -are  popularly  considered  as  only  applied 
to  give  vent  to  the  steam,  when  its  force  becomes  too  great 
for  the  strength  of  the  boiler  to  sustain,  without  the  risk 
of  bursting;  but  there  is  another  kind  of  safety  valve,  of 
precisely  the  reverse  description ;  which  provides  for  the 
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.ety  of  the  boiler,  if  the  pressure  in  it  should  become 
loo  little  to  support  the  pressure  of  the  atmosphere,  in 
which  case  the  boiler  would  be  crushed.  The  latter  are 
called,  by  engineers,  internal  safety  valves,  in  contradis- 
tinction to  those  of  the  usual  description,  termed  external 
safety  valves ;  the  internal,  however,  being  only  used  in 
very  large,  and,  consequently,  weak  boilers,  are  seldom 
required;  we  shall  therefore  briefly  state,  that  they 
usually  consist  of  an  inverted  conical  plug,  kept  in  its 
seat  by  a  lever,  loaded  with  a  weight,  which  will  be  coun- 
terbalanced by  the  pressure  of  the  atmosphere,  when  the 
iatter  exceeds,  by  three  or  four  pounds  per  superficial 
inch,  the  pressure  of  the  steam  in  the  boiler. 

Of  the  external  safety  valves,  the  steelyard  form  of 
l^apiu  and  Beighton  is  almost  universal ;  and  as  it  has 
been  frequently  introduced  in  the  former  pages  of  this 
work,  we  shall  not  here  repeat  the  description,  but  merely 
make  a  few  remarks  on  the  regulations  which  ought  to  be 
observed  in  its  use. 

The  valve  should  be  always  kept  inclosed  in  a  box,  with 
a  pipe  leading  to  the  chimney  to  carry  off  the  steam  that 
escapes ;  the  box  should  be  kept  locked,  and  the  key  in 
the  proprietor's  pocket  or  charge,  in  order  that  the  loading 
of  the  valve  should  not  be  placed  at  the  discretion  of  an 
ignorant  or  injudicious  attendant;  numerous  dreadful 
accidents  have  occurred  from  the  mismanagement  of  the 
safety  valve,  and  it  has  been  averred  that  some  explosions 
have  originated  by  persons  maliciously  overloading  the 
safety  valve. 

It  is  not  uncommon  in  low-pressure  boilers  to  place  the 
whole  load  directly  upon  the  valve,  instead  of  increasing 
the  force  of  the  weight  by  leverage :  and  it  is,  unques- 
tionably, the  safest  arrangement,  wherever  valves  are 
exposed'to  the  interference  of  improper  persons;  but  it  is 
better  in  all  cases  to  inclose  them.  The  load  per  inch  on 
the  valve  should  only  just  exceed  the  force  of  steam  per 
inch  required  to  work  the  engine;  and  the  orifice  opened 
should,  in  all  cases,  be  so  large  as  to  permit  the  steam  to 
escape  faster  than  it  can  be  generated. 

18.  3h 
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Fusible  metal  plags  have  been  proposed  as  an  additiop^l 
precaution  to  the  use  of  safety  valves.  The  suggestion 
originated  with  Trevithick,  who  had  holes  drilled  in  the 
sides  of  his  high-pressure  cylindrical  boilers,  just  below 
the  water  line,  in  which  the  plugs  were  inserted ;  so  that, 
should  the  waAer,  from  any  accidental  circumstance,  sink 
below  its  proper  level,  and  endanger  the  explosion  of  the 
boiler,  by  the  sides  becoming  intensely  heated,  the  plugs 
would  melt,  and  allow  the  steam  and  explosive  gases  to 
•escape.  They  have  also  been  recommended  to  be  put  into 
the  bottoms  of  the  boilers,  in  order  that,  if  the  boiler 
should  become  dry,  the  plug  should  fuse,  and  the  fire  be 
put  out  by  the  discharge  of  the  steam  into  the  furnace 

Some  manufacturers  introduce  two  safety  valves  to  a 
boiler,  one  of  them  loaded  with  a  less  weight  than  tfi^ 
other,  in  order  to  give  timely  notice  of  the  excess  of  pres* 
sure,  as  well  as  with  the  view  of  increasing  the  security, 
should  one  of  the  valves,  owing  to  corrosion,  stick  in  its 
seat,  or  fail  to  act  properly,  from  any  other  cause. 

The  mercurial  gauge  is  another  great  security  to  a 
boiler,  as  it  always  indicates  the  exact  pressure ;  and  should 
the  force  of  the  steam  increase  beyond  the  range  of  th< 
gauge,  so  as  to  endanger  the  security  of  the  boiler,  the 
mercury  is  forced  out  of  the  tube  into  a  vessel  placed  to 
receive  it,  and  the  steam  escapes  up  the  tube  into  the 
atmosphere.  The  weight  of  the  hiercury  might  be  made 
to  depress  the  power  end  of  a  long  lever  of  the  first  class, 
by  attaching  the  re^ceiver  to  it,  whose  other  end  might 
raise  a  valve  loaded  with  a  weight  greater  than  the  pres- 
sure of  the  steam  which  ejected  the  column  of  mercury 
out  of  the  tu1>e ;  the  .valve  would  thus  be  kept  open,  and 
afford  a  great  additional  security  to  the  boiler;  or,  the  de- 
pression of  the  lever  by  the  mercury,  might  be  made  to 
ring  a  bell  to  call  atteation  to  the  circu^mstance;  or 
to  damp  the  fire,  by  shutting  off  the  supply  of  air,  and  by 
various  obvious  means  be  made  to  check  thi^  toe  rapid 
generation  of  steam. 

Instead  of  the  conical  plugs  usually  employed  in  safety 
valves,  Mr.  Woolfe  has  introduced  very  generally  into 
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bis  boilers  plugs  of  a  cylindrical  form.  The  cyliader, 
which  fits  easily  into  an  aperture  in  the  top  of  the  boiler* 
has  three  lougitudinal  grooves ;  the  steam  passes  up  these^ 
and  preiung  against  the  under  surface  of  the  head,  raises 
tbe  plug,  and  allows  the  steam  to  escape.  The  plug  is 
Jf^ded^  either  by  a  weight  suspended  to  it  inside  the 
yboiler,  by  weights  laid  djrectly  upon  thit  top,  or  by  the 
agency  of  a  loaded  lever. 

We  shall  iMw  proceed  to  describe  several  new  forms  of 
safety  valves  that  have  recently  been  published  In  the 
scientific  journals,  and  which  baVe  been  succeaefully 
brought  into  use. 


Stff^aetntg  Sqfeti/  Fo/ve,  by  Betyamm  Hickty  t^  BoUon, 
LmKtuhirt.    1828. 

This  inventioq,.wBs. described  by  Mr.  Hicks  (of  the 
Steam  Engine  Manatactory,  at  Bolton),  in  a  letter  to  the 
editor  of  the  Peeds  JM^rcqry.  The  writer  slates  that  it  is 
not,  strictly  speaking,  his  ioveotion,  but  rather  his  appli- 
cation of  it  to  a  new  puVpiOse,  and  that  a  similar  valve 
had  been  used  as  a  clack  for  a  pun^p,  upwards  of  a  hun- 
dred years  ago.  He  observes,  that  he  has  had  a  valve  of 
tbe  kind  t,n  use  for  upwards  of  four  years,  and  is  of  opinion 
that  it  is  scarcely  possible  for  an  accident  to  take  place  in 
a  boiler  provided  itith  one. 
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The  opening  in  the  lower  part  of  the  box  (which  is 
fixed  on  the  boiler  top,  or,  if  more  conveniently,  in  any  part 
of  a  pipe  having  a  free  communication  with  it,)  requires 
to  be  of  such  a  size  as  to  allow  a  free  discharge  of  all  the 
steam  the  boiler  is  capable  of  generating.  This  opening 
is  covered  with  a  spherical  valve,  (which  is  made  of  lead 
and  covered  with  brass^)  of  such  a  weight  as  to  press  with 
as  many  pounds  per  square  inch,  as  the  pressure  of  the 
steam  in  the  boiler  at  its  maximum.  The  projections  are 
merely  to  prevent  the  ball  from  falling  off  its  seat. 

It  is  obvious  that  this  valve  works  with  ^very  little  frie* 
tion,  and,  requiring  no  attention,  may  be  entirely  securec 
from  the  interference  of  careless  attendants,  and  a  pipe 
may  be  attached  to  the  branch  of  the  box,  and  carried 
into  the  chimney.  Mr.  Hicks  recommends  this  valve,  not 
as  a  substitute  for  the  ordinary  safety  valve,  but,  in  all 
cases,  in  addition,  and  so  loaded  as  only  to  be  brought 
into  action  at  a  very  trifling  additional  pressure  above 
that  to  which  the  other  is  subjected.* 

This  valve  would  be  found  of  great  service  in  prevent- 
ing the  boiling  over  of  the  feed  pipes  of  boilers,  when  the 
rooms  over  them  are  used  as  drying  stoves  in  printing 
works,  bleaching  works,  &c. 

Patent  Sqfety  Apparatus^  by  Joseph  Eve^  of  London.  1825. 

At  page  S86,  a  description  is  given  of  Mr.  Eve's  tubu- 
lar boiler,  to  which  this  safety  apparatus  is  provided ;  but 
it  is  equally  applicable  to  any  other  boiler,  whether  of 
high  or  low  pressure. 

Fig.  1,  shows  u  vertical  section  of  a  compound  tube ; 
a  is  a  piston  rod,  screwed  into  a  piston  fr,  fitting  a  hollow 
cylinder  e,  which  is  screwed  at  its  base  into  the  steam  re- 
ceiver or  boiler,  o  is  a  hole  perforated  throngh  6,  to 
allow  the  steam  to  ascend  into  the  hollow  space  above 
the  piston,  so  that  the  pressure  is  equal  on  both  sides, 
with  the  exception  of  the  piston  rod^  the  diameter  of 


*  Register  of  Ar(%  vol.  ir.  p.  341. 
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iFIG.  10  (FIG.  4.) 
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which  alone  is  uobalanced.  The  piece  h  h,  screwed  into 
the  upper  part  of  the  tube  e,  prevents  the  steam  from 
ascending  higher;  another  piece  g  g,  having  a  hollow 
space  in  the  top,  is  screwed  into  h.  Both  these  pieces 
have  a  hole  bored  in  their  centres  lengthways,  of  a  dia- 
meter equal  to  the  piston  rod  a,  and  to  allow  it  to  work 
up  and  down.  The  hollow  space  in  the  middle  of  the  two 
pieces  g  and  h  is  filled  with  packing,  so  as  to  prevent  any 
escape  of  the  steam  lengthways  of  the  piston  rod.  The 
cup  p,  at  top,  is  filled  with  oil ;  jt  i  is  a  basin  containing 
water,  to  keep  the  upper  part  cool;  the  weights  with 
which  the  apparatus  are  loaded  are  placed  at  m. 

The  hollow  tube  e  has  longitudinal  openings,  as  repre- 
sented in  fig.  4,  (which  is  an  external  view  of  it,)  and 
through  these  openings  the  steam  escapes,  whenever  the 
piston  b  rises. 

Fig.  3  represents  a  jacket,  which  fits  over  the  tube  e, 
it  has  likewise  the  same  number  of  longitudinal  holt's  cut 


422  80CKL-8  SAFETY  ^AI,YE^ 

through  it,  and  slides  over  the  said  t'^be;  by  adjusting  this 
jacket,  the  channel  for  the  escape  of  steam  can  be  made 
narrower,  accordingly  as  it  may  be  desirable  to  raise  the 
piston  more  or  less.  The  hollow  ressel  I,  is  fixed  over  the 
lower  part  of  the  apparatus,  so  as  to  intercept  the  steam 
from  the  upper  part  of  it,  when  the  rod  is  loaded.  The 
pipe  q,  leads  from  the  hollow  vessel  /,  to  the  condenser, 
or  serves  for  the  escape  of  steam. 

Fig.  3  presents  an  outside  view  of  the  piston ;  a  is  the 
rod;  c  c  packing  rings,  two  on  the  upper  side  and  two  ob 
the  lower ;  these  ring^  press  against  the  tube  €,  keeping  it 
steam-tight,  so  as  to  admit  none  to  escape  by  the  longitu- 
dinal openings;  d  jd  are  two  pieces  of  metal  screwed  on  at 
the  top  and  base  of  the  piston,  to  confine  the  packing 
rings.* 

Safety  Valve,  by  Mr.  C.  Sockl,  of  Royal  Raw,  Lambeth. 

1826. 

■» 

The  inventor  of  this  contrivance  was  rewarded  by  the 
Society  of  Arts  for  the  invention.  It  appears  to  be  cal* 
culated  to  afibrd  very  great  security,  and,  in  the  opinion 
of  the  inventor,  is  peculiarly  applicable  to  steam  boilefs 
on  board  of  vessels. 


Instead  of  the  solid  lid  which  covers  the  main  hole,  a 
copper  plate  or  dish  is  to  be  substituted,  as  shown  in  the 
above  figure*  6  is  the  copper  dish,  surrounded  by  a  rin^ 
of  the  same,  by  which  the  plate  is  firmly  screwed  down 
upon  the  rim  of  the  main  hole.  In  the  middle  of  (he 
plate  is  fixed  the  valve,  of  which  f  is  the  collar,  made  of 


•  Register  of  Arts,  vol.  iv.  p.  37. 
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iron  or  brass;  d  the  plug,  which  is  ground  air-tight  into 
the  collar,  and  is  kept  in  its  place  by  the  spiral  spring 
which  surrounds  its  stem,  and  the  stay  e :  over  the  whole 
is  fixed  a  strong  cross-piece  a,  which  is  firmly  screwed 
down  upon  the  ring  that  secures  the  plate  ft.  In  the  cross- 
piece  works  the  regulating  screw  c,  which  may  be  screwed 
down  upon  the  head  of  the  plug. 

The  operation  of  the  valve  is  easy  to  understand.  6,  the 
plate  or  dish,  is  only  one-fourth  or  one-third  the  thickness 
of  the  other  parts  of  the  boiler;  it  will  not  afford  the 
same  resistance  to  the  steam :  when  this,  therefore,  gets 
beyond  the  ordinary  pressure,  it  will  cause  the  plate  to 
become  somewhat  convex,  and  will  thus  leave  a  clear 
space  between  the  collar /and  the  conical  plug  d,  for  the 
steam  to  escape;  as  soon  as  the  power  diminishes,  the 
plate  will,  by  its  elasticity,  return  to  its  former  place,  and 
bjr  closing  down  upon  the  plug,  prevent  any  further 
•escape  of  steam. 

The  object  of  this  valve  is  not  so  much  to  regulate  the 
irorking  pressure  of  the  steam,  as  to  act  in  aid  of  the  com- 
nyon  valve,  by  affording  an  additional  aperture  in  case  the 
steam  should  acquire  a  dangerous  degree  of  force.  It 
differs  from  the  plug-valves  in  common  use  in  this  circum- 
stance, namely,  that  in  the  latter  the  plug  rises  out  of  its 
aOteket,  in  order  to  allow  a  vent  for  the  steam,  whereas,  in 
Mr.  Sockl's,  the  socket  rises  away  from  the  plug.  The 
chief  advantage  resulting  from  this  is,  that  if  any  adhesion 
should  have  taken  place  between  the  plug  and  the  socket. 
it  is  more  likely  to  be  overcome,  on  account  of  the  ffreat 
^orface  of  the  socket  with  its  attached  copper-plate,  which 
IS  exposed  to  the  action  of  the  steam.^ 

*  Traosactionii  of  the  8ciciecy  of  Aiti 
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SECTION  III. 

ON  THE  PROPORTIONS  OF  1U£  PARTS  OF  ENGINES,  THElft 
CONSTRUCTION  AND  ARRANGEMENT. 

In  the  former  part  of  this  work,  a  considerable  number 
of  engines  have  been  described,  comprising  most  of  the 
variations,  either  in  the  form  or  principles  of  the  machine^ 
which  have  been  designed  up  to  the  present  time.  Having  . 
thus  shown  the  various  parts  in  their  combined  state,  we 
purpose  describing  the  constituent  parts  separately,  in 
their  most  approved  forms  and  arrangements;  to  which 
we  shall  add  some  rules  for  the  proportions,  selected  from 
the  best  authorities.  But  as  our  limits  will  not  allow  us 
to  describe  particularly  each  class,  we  shall  confine  our- 
selves to  that  which  is  mostly  used  to  drive  machinery  in 
general,  namely,  the  double-acting  condensing  engine^ 
and  according  to  its  arrangement,  to  act  expansively,  or  at 
full  pressure.  Of  the  other  sorts  of  engines,  the  non- 
condensing  engine  differs  only  in  having  fewer  parts  than 
condensing  engines,  and  the  single-acting  and  atmospheric 
engines  are  employed  chiefly  in  pumping. 

We  shall  begin  with  the  position  and  proportions  of 
the  cylinder,  on  both  which  points  engineers  differ  widely 
among  themselves;  we  shall  notice  the  varieties  of  their 
practice,  with  the  most  prominent  objections  to  some  of 
the  arrangements  which  have  been  adopted  in  this  part  of 
the  engine. 

The  positions  qf  the  Cylinder — have  been  varied  in  all 
possible  ways,  either  to  suit  local  circumstances,  or  from 
the  peculiar  views  of  the  maker;  they  have  been  placed 
horizontally,  obliquely,  erectly,  inverted,  and  some  have 
been  made  to  vibrate  on  arms,  and  others  to  revolve. 

Horizontal  Cylinders. — The  principal  reasons  for  pla- 
cing cylinders  horizontally  seem   to  be^   that  a  longer 
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stroke  can  be  obtained  than  could  be  had  with  the  cylin- 
der in. any  other  position,  and  that  thiey  are  firmly  and 
readily  fixed  with  but  little  framing.  These  circumstances 
render  the  horizontal  position  peculiarly  suited  for  steam 
boats,  where  the  small  height  below  decks  would  limit 
vertical  cylinders  to  very  short  strokes,  and  cause  the 
piston  to  travel  more  slowly,  thereby  increasing  the  loss 
of  power  from  the  reciprocating  movements  of  the  ma- 
chine ;  and  it  is  of  advantage  to  the  stability  of  a  vessel 
to  place  the  load  as  low  as  possible.  In  mountainous 
mining  countries  also,  where  the  transport  of  ponderous 
frame-work  would  be  difficult  and  expensive,  these 
engines  offer  greater  facilities  than  others  for  removal. 

In  an  engine  constructed  by  Messrs.  Taylor  and  Marti- 
neau,  for  the.  Moran  Miae,  in  Mexico,  the  cylinder  was 
composed  of  two  cylindrical  pieces  bolted  together,  and 
laid  horizontally;  the  diameter  was  18  inches,  and  the 
length  of  stroke  nine  feet,  which  is  the  greatest  length  of 
stroke,  in  proportion  lo  the  diameter  of  the  .piston,  we 
ever  met  with.  But,  notwithstunding  these  adjvantages, 
cylinders  in  a  horizontal  position  are  rarely  used,  even 
for  the  purposes  already  mentioned,  for  which  they  seem 
in  many  respects  so  well  adapl;ed;  the  chief  objection  to 
them  being,  that.the  piston  and  cylinder  wear  unequally, 
owing  to  the  increased  friction  upon  the  lower  side  of  the 
cylinder,  and  that  of  the  piston  by  the  weight  of  the  latter. 
A  partial  remedy  for  this  effect  was  the  subject  of  a  patent 
to  Messrs.  Taylor  and  Martineau,  in  1824)  (see  Register 
of  Arts,  vol.  iii,  page  261,)  but  we  have  never  seen  it 
applied,  owing,  yre  suppose,  to  the  engine  being  thereby 
rendered  less  simple  and  compact.  Long  piston  rods 
are  objectionable,  from  their  liability  tq  bend  in  the 
middle. 

Inclined  Cylinders. — Mr.  Bruners  engine,  employed  at 
the  Thames  Tunnel,  (described  at  page  249,)  is  an  instance 
of  cylinders  placed  obliquely.  This  engine  was  especially 
designed  for  steam  boats.  It  is  obvious  that  this  position 
of  the  cylinder  has  both  the  advantages  and  disadvantages 
of  the  horizontal,  but  each  in  a  less  degree. 
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Erect  Cylinders. — By  this  term  is  meant  tbose  whieh 
are  placed  upright,,  with  the  piston  rod  passing  through 
the  top  of  the  cylinder.  These  are  in  the  most  general 
use,  and,  unless  in  peculiar  cases,  seem  to  deserve  the  pre- 
ference, the  wear  of  the  cylinder  being  more  equal,  and 
not  so  great  as  in  any  other  position. 

Inverted  Cylinders. — These  are  also  upright  cylinders, 
but  with  the  piston  rod  passing  out  at  the  lower  end  of 
the  cylinder.  Two  instances  of  this  position  of  the  cylin- 
der have  fallen  under  our  notice,  that  struck  us  as'  ex- 
tremely faulty.  The  first  was  Mr.  Perkins's  engine,  which 
was  at  work  a  short  time  in  pumping  at  the  St.  Kathe- 
rine's  Docks.  This  was  a  single-acting  engine,  workings 
it  was  said,  with  steam  at  800  lbs.  pressure  upon  the 
inch;  the  cylinder  was  placed  above  the  fly-wheel,  which 
was  of  small  diameter ;  the  piston  rod  was  of  large  dia- 
meter, in  proportion  to  that  of  the  piston,  and  the  con- 
necting rod  very  short.  The  steam  was  admitted  above 
the  piston,  and  the  return  stroke  was  made  by  the  momen- 
tum of  the  fly-wheel  against  the  weight  of  the  piston,  con- 
necting rods,  &c.  in  addition  to  the  load,  causing  a  very 
violent  and  unequal  motion.  The  other  instance  was  Dr. 
Alban's  engine,  set  up  at  the  same  place,  in  which  the  ar- 
rangement was  equally  faulty ;  the  connexion  of  the  fly- 
wheel was  badly  contrived,  and  appeared  to  have  been 
adopted,  because  a  connecting  rod  of  sufficient  length 
would  have  required  the  engine  to  be  elevated  to  an  in- 
convenient height. 

Vibrating  Cylinders. — In  these  the  engines  are  suspended 
upon  hollow  arms  or  trunnions,  through  which  the  steam 
enters  and  quits  the  cylinder,  and  the  piston  rod  is  con- 
nected directly  with  the  crank,  or  with  a  stud  on  one  of 
the  arms  of  the  fly-wheel.  Several  patents  have  been  ob- 
tained for  engines  on  this  principle,  and  a  few  engmes  of 
the  kind  have  been  constructed  in  America,  but  we  can- 
not see  in  what  their  superiority  consists,  unless  it  be  their 
greater  compactness  than  other  reciprocating  engines. 

Revolving  Cylinders. — In  revolving  engines,  the  cylin- 
der is  suspended  by  hollow  arms,  and  is  carried  round  with 
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the  fly*wheeL  Several  patents  have  been  obtained  in  this 
country  for  engines  of  this  kind,  and  some  have  been  con- 
structed also  in  America;  but  we  cannot  discover  wherein 
their  advantages  lie.  For  an  estimate  of  their  merits,  see 
remarks  on  Witty's  engines,  pages  Sll  and  SIS. 

Proportions  of  the  Cylinder. — In  the  due  proportions 
between  the  diameter  and  length,  no  two  makers  agree ; 
indeed,  from  the  different  proportions  met  with  in  different 
engines  by  the  same  maker,  it  would  seem  to  be  a  point 
of  no  material  importance.    A  patent  was  taken  out  by  a 
Mr.  Freemantle,  for  making  engines  having  the  length  of 
stroke  equal  to  the  diameter,  on  the  ground  of  such  pro- 
portions causing  the  least  quantity  of  friction.     In  the 
engine  for  the  Moran  mine,  it  has  been  seen  that  the  dia- 
meter was  only  one-sixth  of  the  length  of  the  stroke.  Mr. 
Tredgotd  is  of  opinion,  that  if  the  parts  be  duly  propor- 
tioned, and  the  velocity  regulated  so  as  to  be  equal,  the 
only  circumstance  necessary  to  be  attended  to  in  the  pio- 
porlions  of  a  cylinder  is,  that  the  steam,  during  its  action 
in  the  cylinder,  should  be  bounded  by  the  least  possible 
quantity  of  cooling  surface;  and  as  this  condition  is  ob- 
tained when  the  length  of  the  stroke  is  equal  to  twice  the 
diameter  of  the  cylinder,  he  recommends  this  as  the  best 
proportion,  in  all  cases  where  the  space  for  the  engine 
does  not  limit  the  length  of  the  stroke. 

Jacket. — To  prevent  the  condensation  of  steam  in  the 
cylinder,  it  is  necessary  to  keep  it  as  hot  as  possible;  to 
effect  this,  Messrs.  Bolton  and  Watt  surrounded  the 
working  cylinder  with  a  cylindrical  case,  to  which  the 
term  jacket  was  applied;  between  these  two  there  is  a 
narrow  space,  through  which  the  steam  passes  in  its  way 
to  the  cylinder ;  this  arrangement  has  been  very  generally 
followed  by  manufacturers,  but  we  do  not  perceive  that 
any  advantage  can  be  gained  by  the  practice ;  for  it  should 
be  considered  that  the  jacket  presents  a  larger  surface  to 
the  cooling  influence  of  the  atmosphere,  than  the  cylinder 
itself,  and,  consequently,  that  it  must  condense  the  steam 
more  rapidly.  If  the  jacket  be  supplied  by  a  separate 
bieam  pipe,  still  the  loss  from  condensation  in  the  jacket 
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miisl  fully  compeniiate  tor  the  greater  pre^ure  of  I  lie  steam 
ill  the  cylinder.  The  jacket  alao  adds  considerably  to  the 
weight  of  the  engine.  For  these  reasons,  we  think  thai 
the  jacket  might  very  well  be  dispensed  with.  Mr.  Tred- 
gold  has,  we  find,  anticipated  us  in  recommending  an  air- 
tight casing,  which  would  lessen  the  condensation  in  (he 
cylinder,  make  a  saving  in  the  expense  of  fuel,  and  kerp 
the  engine-house  cooler. 

The  following  are  the  contrivances  in  general  use  for 
opening  and  closing  the  various  steam  passages;  the  first 
of  these  which  we  shall  notice  is  the 

Throttle  Valve,  which  is  a  thin  disc  placed  on  (he  steam 
pipe,  betwi'en  the  boiler  and  the  cylinder ;  it  turns  upon  a 
spindle,  which  is  regulated  either  by  hand  or  by  the  go- 
vernor, and  may  be  set  so  as  to  intercept  a  greater  or  less 
portion  of  the  steam  in  its  passage,  and  regulate  the  Bup> 
ply  according  to  the  work. 


This  valve  is  never  wholly  closed  dtiring  the  working 
of  the  engine.  The  above  cut  represents  this  valve,  and 
requires  no  further  explanation. 

Four-way  Cock. — Of  the  various  inventions  of  admit- 
ting the  steam  to  pass  to  and  from  the  cylinder,  the  four- 
way  cock  is  one  of  the  earliest  and  most  simple.  It  was 
adopted  by  Ijeupold,  who  first  purposed  to  use  high-pres- 
sure steam  under  pistons;  and  Trevithick,  who  brought 
high-pressure  engines  into  use  in  this  country,  used  a  four- 
way  cock  to  open  and  shut  the  steam  passages  in  his  loco- 
motive engine.  The  annexed  cut  will  afford  a  clear 
comprehension  of  its  construction,  a  represents  the  com- 
munication with  the  steam-pipe  from  the  boiler;  ft  (he 
passage  to  the  upper  side  of  the  piston;  c  the  passage  to 
the  lower  bide  of  the  piston;  and  tl  the  passage  to  tho 
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condeuaer.  In  the  position  represented,  the  steam  is  en 
tering  the  upper  part  of  the  cylinder,  and  the  lower  par* 
is  open  to  the  condenser.  If  the  cock  be  turned  one  quar 
ter  of  a  revolutioD  in  either  direction,  c  will  communicate 
with  the  steam  pipe,  and  b  to  the  condenser. 

The  four*way  cock  has  been  greatly  improved  bj 
Bramah  and  b^r  Matidslay,  but,  under  any  modification, 
it  baa  the  defect  of  causing  a  loss  of  eteatn;  for  nol 
only  the  steam  in  the  cylinder,  but  that  in  the  steam  pas 
sage,  passes  to  the  condenser;  so  that  at  each  double 
stroke,  tbere-isa  loss  of  the  whole  contents  of  the  steam 
pasaage,  which,  as  it  -is  usually  equal  in  area  to  one-fifth 
the  area  of  the  cylinder,  and  is  of  the  length  of  the  cylinder, 
the  lo«  will  be  one-tenth  of  the  whole  quantity  of  steam 
required  for  the  cylinder.  This  loss  might  however  be 
obviated,  by  having  a  separate  cock  to  each  end  of  the 
cylinder,  which  would  render  them  very  well  adapted  for 
smalt  engines. 

D  SUditig  Valve. — -As  the  friction  of  cocks  of  large  dia- 
meter is  very  considerable,  sliding  valves  are  more  gene- 
rally used;  the  simplest  is  that  termed  ihe  D  slide,  from 
the  resemblance  of  its  figure  lo  that  letter. 

The  following  cut  shows  the  niide  in  section;  a  is  the 
steaiD  box,  into  which  the  steam  is  adiiiilled  by  the  pas- 
sage b.  The  box  is  bolted  to  a  pipe  c,  formed  into  tbrev 
divisions — d  being  the  steam  passage  to  the  upper  side  of 
the  piston,  e  to  the  lower  side,  and/  to  the  condenser ;  the 
apertures  of  these  passages  are  faced  with  brass,  and  the 
space  between  each  opening  it  is  essential  should  not  be 
leas  than  the  opening;  g  ha  L<lock  of  metal,  with  a  recess 
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cast  io  it,  eqnal  in  len^h  to  two  of  tbe  apertnres  and  the 
space  between  them ;  this  block  is  usually  faced  with  bratsa, 
and  ground  upon  tbe  pipe  c,  bo  as  to  slide  over  it  steam- 
tig^ht;  it  is  moved  by  a  rod  k,  which  passes  through  a 
stuffing-box  k.  In  this  position  of  tbe  slide,  tbe  steam 
would  pass  through  d  to  the  top  of  the  piston ;  whilst  the 
steam  beneath  the  piston  would  pass  through  e  to  the 
eduction  passage/.  On  raising  the  slide,  d  becomes  open 
to  tbe  eduction  passage,  and  e  to  the  steam.  This  slide 
has  tbe  same  disadvantage  as  the  four-way  cock,  in  wast- 
ing tbe  whole  of  the  steam  contained  in  the  steam  pas- 
sages ;  the  apparatus  in  general  nse  is  that  termed 

Murdock's  Slides,  invented  by  William  Mardock,  of  tbe 
firm  of  Bolton,  Watt,  and  Co. ;  they  are  represented  by 
the  annexed  figure. 

a  represents  a  portion  of  the  steam  cylinder^  with  its 
steam  jacket  b,  a  semi  •cylindrical  pipe  of  greater  length 
than  the  cylinder,  and  having  on  its  flat  side  at  one  end 
two  apertures  c  (f ,  c  communicating  with  the  upper  end 
of  the  cylinder,  and  d  with  the  steam  jacket ;  at  the  lower 
part  is  another  opening  e,  which  communicates  with  the 
lower  end  of  the  cylinder ;  these  openings  are  faced  with 
brass  ground  to  a  perfect  plane.  Tbe  space  between  c  d 
must  not  be  less  than  the  breadth  of  one  of  the  openings. 
An  interior  pipe  of  similar  form,  open  at  each  end,  and 
faced  at  each  extremity  with  a  brass  plate  of  the  breadth 
of  one  of  the  openings,  is  pressed  against  the  apertures  in 
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the  exterior  pipe  or  case,  by  a  packing  g^  (reg^ulated  by 
screws  A  A,)  at  each  end ;  the  space  between  (be  two  pack* 
ings  forming  a  compartment  in  which  the  steam  circulates. 
This  slide  is  moved  by  a  rod  passing  through  a  stuffing- 
uox,  und,  au  it  is  raised  and  lowered,  the  steam  is  admitted 
alternately  to  one  end  of  the  cylinder,  whilst  the  steam 
from  the  other  end  is  passing  through  the  hollow  slide,  by 
(he  eduction  pipe  jt,  to  the  condenser:  /  is  the  throttle 
TaWe.    These  slides  being  very  simple,  and  not  liable  to 
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get  out  of  order,  are  extensively  used,  and  almost  exclu- 
sively on  board  steam  veaaelti. 

Conical  Valves  are,  however,  the  most  eflfectire  for  large 
engines.  These  are  formed  of  qircular  plates  of  brass, 
with  their  edges  ground  conically,.8«>  as  to  fit  into  conical 
brass  seats.  These  valves  are  generally  lifted  by  rods, 
working  through  atu£Bag'boxes,  (see  Murray  and  Wood's 
valves,  page  IS4.)  * 

When  the  diameter  of  these  valves  exceeds  six  inches, 
it  requires  a  great  force  to  overcome  the  pressure  of  the 
steam  upon  their  upper  surfaces,  when  there  is  a  vacuum 
beneath  them.  For  this  inconvenience  Mr.  Watt  devised 
the  following  remedy.  To  the  lower  side  of  the  valve- 
box  is  attached  a  short  cylinder  c,  open  at  the  upper  end 
into  a,  and  connected  at  the  lower  end  with  the  steam 


pipe  k.  This  cylinder  is  of  tfae  same  diameter  as  the  valve 
e,  and  has  a  piston  d  connected  with  the  valve  c,.  by  a 
rody;  <;  represents  the  opening  into  the  cylinder,  and  k 
(he  passage  to  the  eduction  valve.  If  we  now  suppose 
(here  is  a  vacuum  beneath  the  valve  c,  the  piston  d  is 
pressed  upwards,  with  the  same  force  as  c.is  pressed  down- 
wards, therefore  the  pressure  upon  c  is  thus  completely 
neutralised. 

Homb!ow€T't  Valves  are  also  designed  to  effect  the  same 
object  as  the  last  described;  namely,  that  of  diminbhing 
the  pressure  upon  valves  of  large  area.  The  following 
represents  a  section  of  lh& contrivance. 

a,  is  a  short  cylinder,  communicating  at  6,  with  the 
steam  pipe,  and  at  c  with  the  cylinder;  d  is  a  short  tub^ 


KCCSNTRIC  MOTION 


ha?ing  ft  fillet  rouod  its  upper  edge,  which  is  ground  into 
a  conical  seat,  and  its  lower  edge  ground  upon  a  plate/, 
with  aconical  edge,  which  is  attached  to  the  bottom  of  o; 
d  is  moved  by  the  rod  g,  passing  through  a  etuffing-box 
and  a  guide  A.  On  raising  d,  the  steam  rushes  through  it 
into  the  cylinder.  The  area  of  the  valve  upon  which  the 
steam  presses,  is  merely  that  of  the  conical  seats. 

Ob  account  of  the  difficulty  of  grinding  a  valve  equally 
into  two  seats,  Mr.  Tredgold  proposes  to  remove  the  upper 
seat  of  this  valve,  and  substitute  a  packing  for  it,  in  which 
the  tube  d  shall  move. 

Dimeimotu  tisfthe  gteam  passages. — There  are  some  varia- 
tions made  by  engineers  in  this  respect;  it  is  usual  with 
some  to  allow  one  inch  square  per  horse  power,  for  the 
area  of  the  steam  pipes;  while  others  regulate  the  area 
of  the  steam  parages  at  one-fifth  of  that  of  the  cylinder. 

Eccentric  Motion. — The  opening  and  closing  of  the 
valvesare  usually  effected  by  the  revolution  of  the  fly-wheel. 
Oait«  axis  is  placed  a  circular  plate,  called  the  eccentricy 
from  its  centre  not  coinciding  with  that  of  the  axis.  The 
•ecentric  revolves  within  a  hoop,  to  which  a  long  rod  is 
attached;  and  this  rod  h  connected  with  the  levers  by 
which  the  slides  are  lifted.  But  where  nozzles  are  used, 
the  connecting  rod  gives  motion  to  a  spindle,  having  cams 
npon  it,  in  which  cams  the  lower  ends  of  the  rods,  to  which 
the  valve  rods  are  connected,  rest,  and  alternately  rise  and 
fiill  with  the  motion  of  the  spindle. 

By  means  of  the  eccentric,  the  opening  and  closing  of 

the  valves  are  performed  by  a  gentle  action,  without  any 

flhock  or  striking,  which  is  owing  to  the  uniform,  conti- 

aaons  motion  of  the  eccentric;  but  unless  the  range  of 
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tbe  valves  is  greater  than  the  height  of  the  steam  paMige 
(which  occasions  unnecessary  friction),  they  are  fully  open 
during  only  a  small  portion  of  the  stroke ;  it  has,  therefore, 
been  proposed  by  Mr.  Tredgold,  to  form  the  eccentric 
into  a  ram  or  tooth.  We  have  seen  some  instances  in 
which  this  has  been  done;  one  of  these  is  an  engine  by 
Fentom  and  Murray,  at  the  London  Dock  New  Basin. 

Modes  of  Working  — When  the  steam  is  open  to  the 
end  of  the  stroke,  and  closed  with  the  eduction  valve,  it  i9 
called  working  at  fall  pressure.  It  may,  however,  be  cut' 
off  at  any  portion  of  the  stroke,  the  remainder  of  the 
stroke  being  effected  by  the  expansion  of  the  steam  in  the 
cylinder,  which  is  called  working  by  expansion^  and  is  the 
most  economical  mode. 

When  engines  are  worked  at  full  pressure,  any  of  the 
valves  which  we  have  described  may  be  used;  but  when 
the  steam  is  worked  expansively,  the  valve  motions  be- 
come  somewhat  more  complicated,  as  the  steam  valve  is 
closed  at  a  certain  part  of  the  stroke,  whilst  the  eduction 
valve  closes  only  with  the  termination  of  the  stroke,  and 
thus  two  separate  motions  are  required.  The  ebnicdl  valves 
are  generally  used  in  this  case;  each  valve  being  lifted  up 
by  a  separate  rod,  moving  on  separate  cams ;  but  Mr.  Tred* 
gold,  in  his  work,  shows  a  method  of  adapting  the  slides 
and  four-way  cocks  to  expansion  engines,  by  enlarging 
their  range,  and  moving  them  at  two  motions. 

Pistons. — There  is  no  part  of  the  steam  engine  in  whieh 
good  principles  of  construction,  combined  with  the  per- 
fection of  workmanship,  are  so  essential  to  the  efficiency  of 
its  operations,  as  the  piston.  It  is  not  sufficient  that  its 
periphery  should  accurately  fit,  so  as  just  to  touch  every 
part  of  the  internal  circumference  of  the  cylinder,  but  it 
must  possess  the  property  of  expansion ;  otherwise,  the 
attrition  upon  its  surface  quickly  reduces  its  dimensions, 
leaving  a  space  between  it  and  the  cylinder,  thiaugh 
which  a  portion  of  the  steam  escapes ;  whereby  the  im- 
petus given  to  the  piston  is  not  only  reduced  in  propor^ 
tion  to  the  quantity  of  steam  thus  wasted,  bat  the  effeet 
of  that  portion  which  does  not  escape,  is  partially  nentra 
lised  by  the  steam  acting  on  both  sides  of  the  piston. 
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The  difference  or  effect  between  a  good  aitd  s  bad  piston 
haa  been  frequently  found  to  amount  to  more  than  half 
the  power  of  an  engine  ;>  by  which  it  may  become  incapa- 
ble of  executing  the  feqnintd  work,  besides -wasting  half 
tfae  quantity  of  fuel  consumed:  in  many  otbet  respects, 
the  rviU  from  the  defects  of  a  bad  piston  are  of  serious  im- 
portance. 

As  the  piston  has  wnuUty  been  made  of  metallic  sob- 
stances,  unalterable  by  any  expansive  property  therein, 
it  has  commonly  been  pfuked  with  an  external  coat  of 
benp  saturated  with  tallow,  in  the  manner  represented 
by  the  annexed  section. 


a  is  tfae  lower  fart  of  4he  piston,  fixed  to  the  pitttm  rod 
A,  by  its  conical  end,  and  by  cutter  keys;  c  is  the  upper 
lace  of  tfae  piston,  fixed  to  the  lower  by  screws  if  d;  e« 
show  the  packing  of  hemp  and  tallow  filling  up  the  largo 
groove  or  interstice  betweeh  the  upper  'Bitd  lower  discs; 
this  packing  presses  against  the  aides  of>  the  cylinder,  and 
when  it  wears  away  by  friction,  the  terews  d  U  are  turned, 
witich  forces  out'  the  packing  agaiast  the  sides  of  the 
cylinder;  when  the  packing  is  entirely  worn  aw^,  fresh 
packing  is  substituted.!   < 

Pistons  nearly  of  this  hind,  packed  with  hemp  oi:  other 
vegetable  stibelances,  were  in  general  use  from  the  time 
of  Papiu  and  Savary  to  that  of  the  Rev.  Edward  Cart- 
wright,  a  period  of  upwards  of  one  hundred  years.  The 
last-mentioned  scientific  clergyman  (who  was  brother  to 
the  late  Major  Cartwright,)  introduced  the  first  expsi;d- 
ing  metallic  piston;  an  invention  of  the  utmost  import- 
ance, it  being  almost  indispensable  in  high-pressure 
engines,  as  the  hemp  and  tallow  packing  is  quickly  de- 
stroyed by  the  great  heat  of  the  steam. 
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Cartwright's  metallic  piston,  as  it  was  originally  cdri- 
tftructed,  has  been  already  described  at  page  IIS;  since 
that  time  it  has  received  some  improved  modifications,. 
wliich  will  be  easily  understood  by  an  examinatioa  of  the 
annexed  figure,  after  having  perused  the  former  descrip- 
tion just  referred  to.  a  is  the  piston  rod,  from  which 
radiate  a  series  of  spiral  springs  b,  that  press  upon  the 
segments  c  c.     In  this  piston,  it  will  be  observed,  the 


eegments  are  closed,  until,  by  the  wearing  of  the  cylinder 
and  piston,  they  open  at  the  joints  and  diverge  by  the 
pressure  of  the  springs,  and  occupy  the  enlarged  area  of 
the  cylinder.  The  spiral  springs  are  calculated,  both  by 
their  structure  and  position,  to  last  longer,  and  operate 
with  better  effect  than  the  feather  springs  of  Mr.  Cart> 
Wright;  nevertheless,  these  improved  pistons  had  several 
defects,  which  much  limited  their  employment;  the  fol- 
lowing is  perhaps  the  most  prominent.  When  the  externa/ 
segments  wear,  and  separate  by  the  pressure  of  the  springs, 
the  internal  setrments  also  separate  from  the  same  cause, 
but  they  do  not  wear;  consequently,  the  circular  parts  of 
the  interna)  segments  no  longer  fit  the  external  series, 
but  leave  open  crevices  between  them,  through  which  the 
steam,  first  entering  the  external  cavities  before  men- 
tioned, readily  finds  its  way  into  the  interior  of  the  piston, 
hence  it  proceeds  through  similar  channels,  to  the  oppo- 
fiite  side  of  the  piston.  These  openings  likewise  admit 
sand,  which  lodges  and  accumulates  in  the  crevices,  until 
they  are  blocked  up,  and  the  springs  cease  to  act. 

Notwithstanding  the  imperfections  of  Mr.  Cartwright's 
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pistons,  they  were  the  bext  then  known,  aBd,«£re  conse* 
quently  applied,  under  various  modifications^  ilo.  nume- 
rous engines.  The  happy  idea  of  constructing  -^  ex- 
panding metallic  piston,  is  important  in  another  point  of 
view,  aa  it  probably  was  the  cause  of  calling  forth  the 
inventive  talents  of  Mr.  J.  Barton  to  the  subject,  who  has 
certainly  succeeded  in  producing  a  highly-improved  com- 
bination of  parts,  by  which  the  objections  to  the  Cart- 
wright  piston  are  completely  obviated,  and  the  action 
may  be  deemed  almost  perfect.  This  piston,  under  its 
earliest  arrangement  of  parts,  has  been  described  at  page 
289,  but  the  improved  modification  now  adopted  by  the 
inventor,  together  with  the  importance  of  the  inventitHi, 
render  a  fresh  description  of  it  a  matter  of  propriety. 


(FIG.  1.) 


(FIG.  2.) 


Fig.  1  represents  a  plan  of  Mr.  Barton's  piston,  with 
the  (op  plate  removed;  fig.  2  is  a  vertical  section  of  the 
same,  taken  in  a  line  with  b  e  d  b  on  the  plan. 

aaaa  are  the  four  metHl  ses^menls;  b  b  b  b  four  right- 
angled  wedges  interposed  between  the  segments,  their 
points  forming  a  portion  of  the  periphery  of  the  circle; 
c  c  c  c  is  a  thin  steel  spring,  formed  into  a  single  broad 
hoop,  and  pressed  into  the  undulated  form  represented, 
by  which  it  is  found  to  act  with  uniform  energy  upon  the 
wedges,  until  they  and  the  segments  become  so  much  worn 
in  the  course  of  time,  that  the  steel  spring  recovers  itself 
into  its  original  circular  figure;  d  is  the  frame-work,  cast 
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in  one  pieo^  with  the  lower  plate  of  the  piiton ;  «  is  the 
piston  rod;  the  ditrk  spaces  shown  oa  the  plan  within  the 
Mroular  frame  d,  are  cavities  to  lessen  the  weight  of 
metal;  the  other  dark  spaces  are  cavities  to  allow  of  the 
free  action  of  the  circular  spring. 

To  prevent  the  segments  ft-om  falling  out  of  their  places 
whilst  the  praton  is  being  taken  out,  or  put  into  the  cylin- 
der, the  periphery  of  it  is  grooved  near  to  its  npper  and 
lower  edge,  in  which  are  sunk  two  slight  spring  hoopa^ 
cleft  across  into  forked  joints,  which  close  together  sim- 
ply by  their  elasticity.  To  lubricate  the  piston,  there  is 
a  third  groove,  made  midway  between  the  two  former,  for 
the  reception  of  oil;  these  parts  are  not  introduced  into 
the  figures. 

The  action  is  as  follows :  -  as  the  piston  and  cylinder 
wear  away  by  the  friction,  the  circular  spring  c,  presses 
out  the  wedges  6,  and  these  project  the  segments  against 
the  cylinder;  by  degrees  ih^y  are  reduced  to-  the  dinden- 
sions  of  that  Mhibited  in  the  annexed  figure,  which  is  an 

(FIG.  3.) 


exact  representation  of  one  that  we  saw  taken  out  of  a 
cylinder,  wherein  it  had  been  constantly  working  (with- 
out repairs)  for  several  years. 

Neither  the  cylinder  nor  piston  were  in  the  slightest  de- 
gree grooved  or  scored,  but  had  both  retained  their  cir- 
cular figure,  and  were  highly  polished  on  their  rublnng 
■arfaces  i  we  say  this,  as  the  contrary  has  been  stated,  to 


Mr.  Ikrrtoii*8  Mrious  diBadvanitage.  The  Repertory  of 
Arte  conUiiiied  a  moit  unealled-for  stftteiBenl  of  Ihis  kind, 
from  Dr.  Gregory,  the  profenor  of  mftthematicB  at  Wool* 
wicb,  which  statement  Mr.  Barton  triumphantly  an* 
swered,  by  having  his  pistons  drawn  oat  from  the  cylin* 
der  of  an  engine  in  Woolwich  Dock-yard,  and  shown  to 
the  doct^or. 

It  is  certainly  easily  -demonstrated  that  the  wedges 
move  fester  than  the  segments,  and  that,  consequently, 
the  pressure  upon  the  wedges  is  greater  than  that  on  the 
segments ;  in  a  right-angled  wedge  this  difference  is  as 
2  to  1,  but  the  wearing  is  in  no  such  proportion,  nor  is  there 
in  practice  any  perceptible  difference  at  all ;  which  arises, 
we  conjecture,  from  the  following  cause.  The  cylinder 
being  of  cast-iron,  and  the  piston  of  a  much  softer  and 
easier  abraded  metal  (an  alloy  of  copper),  the  only  effect 
of  the  superior  pressure  of  the  wedges,  is  to  wear  (hem 
away  quicker  than  the  segments,  while  the  wearing  of  the 
cylinder,  from  its  superior  hardness,  is  scarcely  perceptible. 
In  consequence  of  this  arrangement,  the  brass  piston  will 
always  conform  itself  to  the  circular  figure  of  the  cylinder, 
until  worn  out. 

In  France  and  in  America,  Barton's  piston  is  known 
only  by  the  name  of  Brcwne*s  piston,  owing  to  an  Ame- 
rican barrister  of  that  name  having  imported  and  patented 
it  there  as  his  own  invention :  it  is  not  only  extensively 
nsed  in  those  countries,  but  its  benefits  have  been  expe- 
rienced in  almost  every  part  of  the  world  where  the 
steam  engine  is  employed.  Notwithstanding  these  circum- 
stances, there  are  few  inventions  of  such  great  utility  that 
have  met  with  so  much  senseless  opposition.  To  avoid 
Bartends  patent-right,  many  absurd  modifications  of  his 
piston  have  been  made,  in  which  it  is  asserted,  in  contra- 
distinction to  Barton's,  that  all  tendency  to  score  the 
cylinder  is  obviated.  We  purpose  describing  some  of 
these  modificatione,  not  because  they  possess  the  least  in- 
trinsic merit,  but  because  they  have  emanated  from  men 
of  influence  or  talent,  whose  errors  ought  not  to  pass 
uncorrected ;  but  we  ^ould  premise  that  description  by 
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ob'^erviDg,  that  Barton's  idatin  iainventioii  eonaistfl  intt^ 
application  qf  wedges  to  the  projection  of  the  aegmmts  that 
compose  the  periphery  of  the  piston,  which  wedges,  on 
account  of  their  moving  through  a  greater  space  than  the 
segments,  it  is  asserted,  score  the  cylinders.  How  these 
persons  get  over  this  assumed  difficulty,  the  reader  will 
observe.  The  first  we  shall  mention  is  the  modification 
of  Messrs.  Hall  and  Son,  who  are  extensive  engineers  at 
Dartford.  The  annexed  diagram  shows  only  a  part  of 
their  piston,  the  remainder  of  the  circle  being,  of  course,  a 
continuation  of  the  same  arrangement. 


a  a  are  metal  segments,  of  which  there  are  four  to  com«^ 
pleteythe  circle;  6  a  cylinder,  of  which  there  are  also  faur, 
placed  between  the  segments ;  these  cylinders  are  operated 
upon  by<  spiral  springs,  which  project  'aqd  press  asund^ 
the  ^egmeots,  as  they  wear  away  by  friction  against  the 
cylinder.  .  Upon  the  segments  separating,  they,  leave  gaps 
or  open  eUfts  between  them,  through  W{hidirthe  steam 
^ould  escape,  w^re  it  not  opposed  by  another^and  similar 
series  of  segments,  whose  middle  parts  cover. :the  clefts 
between  the  other  series,  or  ^'  break-joint."  The  construc- 
tion of  this  piston,  it  is  argued,  does  not  invade  Bartends 
clutmy^— for  this  reason,  that  cylinders  are  not  wedges 
Now  we  submit,  that  the  geometrical  definition  of  a  wedge 
has  nothing  to  do  with  the  subject ;  and  that  whatever  is 
employed  to  wedge^  and  does  wedgey  is  a  wedge  in  practical 
mechanics,  as  well  as  in  common  sense.  Lord  Chief  Jus- 
tice Tenterden,  however,  decided  the  reverse ;  he  would 
not  allpw  a  jury  to  consider  the  point  at  all,  but  nonsuited 


T&EDGOLdU  0B8EBVATI01ffl.  441 

fiartoo^  who  had  brought  an  action  against  Hall  for  aE 
infringement  of  his  patent-right. 

The  disadvantage  of  employing  wedges  with  curved 
instead  of  straight  sides,  is  too  evident,  upon  inspection  of 
the  diagram,  to  need  explanation;  we  shall^ therefore, 
only  consider  the  point  as  respects  the  scoring  of  the 
cylinder.  Admitting  the  argument  to  be  correct,  that 
the  increased  friction  of  certain  parts  of  the  circumference 
beyond  that  of  the  others  will  have  the  effect  stated,  it 
follows  that  Mr»  Hall's  will  make  ridges  in  the  cylinder; 
for  where  the  gaps  beforementioned  occur,  the  piston  is 
only  half  as  thick  as  the  other  parts ;  consequently,  the 
decreased  friction  at  the  gaps  will  wear  the  cylinder  less 
by  one  half  than  the  other  parts,  and  form  projecting  ridges. 

We  shall  next  describe  a  piston  manufactured  by 
Messrs.  Maudslay  and  Field,  known  by  the  name  of  the 
expanding  ring  piston,  because  this  will  enable  us  to 
rectify  two  mistakes  made  by  Mr.  Tredgold,  in  his  excel* 
lent  treatise  on  the  Steam  Engine ;  and  we  cannot  but 
regret  that  so  eminent  a  writer  should  have  exposed  him- 
self to  such  merited  animadversion. 

Alluding  to  Mr.  Bartends  invention,  Mr.  Tredgold 
says,  (Art.  470,)  '^  A  piston  of  this  kind,  and  a  true  cylin- 
der, has  been  known  to  work  for  some  years  without  r€- 
quiring  any  oihet  attention  than  keeping  it  properly 
greasedj  yet  it  is  easy  to  prove  that  the  wedges  and  seg- 
ments do  not  expand  equally ;  hence,  in  this  state  it  was 
not  applicable  to  high  pressure^)/'  We  would  here  in- 
quire, what  signifies  this  petty  cavilling  about  what  the 
wedges  and  segments  do,  provided  they  work  well  with- 
out attention  for  years  ?  And  the  assertion  that  the  pis- 
tons are  inapplicable  to  high  pressures,  because  of  the 
unequal  expansion  of  the  wedges  and  segments,  is  univer* 
sally  known  to  be  the  very  reverse  of  the  fact.  We  could 
mention  twenty  instances  where  Barton's  pistons  have 
been  most  successfully  applied  to  high  pressures  for 
several  years  continuance;  but  we  will  state  only  one 
&ct,  which  has  in  itself  the  force  of  a  host  in  disproving 
Mir.  Tredgold's  assertion. 

19.  3l 
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'  In  \6B&,  Mr.  Pn-bins  constructed  his  high-prasurf* 
engine,  in  which  he  used  steam  of  from  800  to  1000  lbs 
tufran  the  inch.  The  piston  in  the  cylinder  was  the  double 
smpkndinif  ring  kind,  as  represented  in  the  annexed  per- 
epeetiv*  sketch.* 


It  conBiBts  of  two  concentric  rings  of  brass,  external 
diameter  five  iocbea.  a  is  the  inner  ring,  to  which  is 
screwed,  from  the  inside,  a  bevelled  piece  of  brass  {>,  that 
slides  and  fits  flush  with  the  outer  ring  c.  The  propor- 
tions of  the  parts  being  accurately  drawn,  it  will  be  ob- 
vious, from  the  great  thickness  of  the  rings,  that  they  pos- 
sess but  little  elasticity,  which  we  have  found  to  be  the 
case  on  trial.  The  identical  piston  described,  and  now 
lying  before  ub,  came  out  of  the  cylinder  of  an  engine 
manufactured  by  Maudslay  and  Co.,  in  which  it  was  after- 
wards found  necessary  to  substitute  Barton's,  though  the 
former  was  not  apparently  worn;  but  another  pbton,  of 
precisely  the  same  construction,  was  made  by  Mr.  Field, 
for  Mr.  Perkins's  engine  before-mentioned.  It  was  found, 


•  We  hcve  been  infonaed,  that  ■  piiteo  nMtly  of  thi>  ktid-  wM 
inTentiid  by  a  Mr.  Doakin,  at  Pennnc«,ia  Ckvowall,  id  1S18{  and 
tlist  the  iDTentioD  wM  repeatwilj  tried  in  Wheal  Vot  Mine,  for  «;»«- 
ral  year*,  without  to cceis.  In  1818,  Mr.  Field  introdnced  the  tame 
invention,  and  has  »inc«  applied  it  to  several  en^nes  conitracted  by 
fait  firm  (Mandalay.  and  Co.)  One  of  there  piitons  we  bare  )■  obt 
poneuion,  from  wbiob  we  made  the  above  bIiHiJi 
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•poll  trial,  incapable  of  standing  a  day's  work,  and  it 
BCoYed  the  cylinder  §o  much,  as  to  render  it  necessary  to 
hate  it  fresh  g^round.  Barton  was  then  applied  to,  who 
made'a  piston  for  the  engine  that  acted  perfectly,  (without 
leakage,)  uHder  the  enormous  pressure  mentioned,  for  a 
considerable  period,  as  was  certified  by  Mr.  Perkins  at 
the  time.  Here,  therefore,  is  a  successful  application  of 
Barton's  piston,  under  a  pressure  of  about  1000  lbs.  per 
inch;  notwithstanding  which,  Mr.  Tredgold  has  stated  its 
inapplicability  to  high  pressures,  which  are  usually  only 
about  40  lbs.  to  the  inch. 

In  the  next  page  to  that  last  quoted  (229),  Mr.  Tred- 
gold says,  ^'but  by  combining  hardness  and  elasticity, 
Barton  has  done  much  to  render  these  pistons  tight  and 
durable;  they  still,  however,  chiefly  depend  upon  the 
skill  of  the  workman;  when  they  are  done  well,  by  a  per- 
son who  understands  them,  they  undoubtedly  anmioer  egee* 
frvefy  "  This  observation  is  about  as  acute  as  to  say,  that 
'^  knives  are  not  fit  for  cutting;  but,  when  they  are  well 
sharpened  by  an  experienced  cutler,  they  will  cut  eife'^- 
tively."  The  inconsistency  of  Mr.  Tredgold  on  this^ud- 
ject  is  quite  remarkable.  He  admits  that  these  pistons 
are  ^^  tight  and  durable,"  that  they  ^^  answer  efitectivcly 
for  years,"  even  without  looking  at;  yet,  in  the  teetl^of 
these  admissions,  which  are  apparently  wrung  from  him 
by  facts  under  his  own  eyes,  he  adds,  in  the  very  next 
line,  <^  To  avoid  the  effect  which  the  unequal  expansio^i  of 
the  parts  of  Barton's  piston  produces,  I  would  recom* 
mend  the  construction  shown  by  fig.  7,  where  the  wedge^ 
formed  pieces  do  not  extend  to  the  surface  of  the  cylinder ; 
lind  to  prerent  there  being  an  aperture  at  each  joint,  two 
series  of  segments  and  wedges  should  be  used."  We  do 
not  give  this  figure,  becaftse  it  is  in  every  respect  the  same 
as  Hall's,  except  that  he  employs  Barton's  wedges,  in  lieu 
of  the  i^dicttloUs  cylindrical  substiiuta  of  Hall. 

We  have  now  to  inquire  wherein  the  advantage  of  Mr. 
Tredgold's  modification  consists.  It  certainly  does  not 
lie  in  the  nmplicity.  Barton  has  four  segments,  four 
wedges,  one  spring»=nine  parts;  Tredgold  has  eight  se|f- 
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ments,  eight  wedges,  eight  springs,  eight  bolts«BdS  parts ;  or 
nearly  quadruple  the  number  of  parts  to  fit  and  slide  over 
one  another,  incurring  so  much  more  labour  and  so  much 
more  expense  to  effect  it,  and,  after  all,  so  many  more  lia- 
bilities to  derangement.  Then,  as  respects  the  unjust 
insinuation  of  Barton's  pistons  scoring  the  cylinders,  how 
does  Mr.  Tredgold  proceed  to  ^^  avoid  the  effect*'  he  men-* 
tions,  of  the  unequal  expansion  ?  Evidently,  by  producix^ 
double  the  friction  upon  those  parts  of  the  piston  where 
the  thickness  is  doubled;  and,  consequently,  of  wearing 
the  cylinder  into  eight  ridges,  where  the  eight  segments 
divide.  Instead  of  pointing  out  the  blunders  of  Barton's 
opponents,  the  most  scientific  writer  on  the  steam  engine 
recommends  them  to  the  mechanical  world  as  his  own  in* 
vention  and  improvement! 

If  Barton*s  pistons  did  in  reality  produce  the  effects 
stated,  there  are  some  very  easy  ways  of  obviating  them, 
without  destroying  the  beautiful  simplicity  of  the  inven* 
tor's  combination.  One  of  them  is  to  make  the  wedges 
as  obtuse  as  possible,  by  which  their  motion  would  be 
brought  nearer  to  an  equality  with  the  projection  of  the 
segments;  this  would  be  only  a  partial  remedy,  but  we 
have  another  to  mention  that  is  more  complete.  It  is  to 
make  the  wedges  (if  rectangular)  tif  such  a  metal  or  alloy 
as  would  be  abraded  by  the  cylinder  twice  as  fast  as  the 
metal  of  which  the  segments  are  made.  These  remedies 
for  the  pretended  evil  may  be  employed  either  singly  or 
combined ;  but,  we  dare  say,  that  they  have  long  since  oc- 
curred to  Mr.  Barton,  but  that  he  has  found  it  unnecessary 
to  resort  to  them  in  practice. 

In  1821 ,  Mr.  E.  B.  Symes,  of  Lincoln's  Inn,  took  out  a  pa- 
tent for  an  expanding  hydrostatic  piston,  the  specification 
of  which  includes  the  description  of  sieveral  modifications. 
Those  only  which  can  be  considered  as  at  all  applicable 
to  steam  engines,  may  be  described  without  the  aid  of  ex- 
planatory diagrams.  In  one  of  them,  the  piston  consists 
of  two  plates  of  metal  bolted  together,  so  as  to  leave  a 
cavity  between  them ;  the  plates  spread  out  wider  apart 
at  their  peripheries,  round  which  is  securely  fastened,  to 
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the  top  and  bottom  plates,  a  strong  hempen  band,  painted 
on  the  inside,  and  of  a  texture  and  flexibility  similar  to 
the  hose  of  fire  engines.  The  upper  plate  has  an  aper- 
ture with  a  screwed  cap,  through  which  the  lubricating 
fluid  is  introduced,  so  as  to  fill  up  the  space  when  the  cap 
is  screwed  down  to  confine  it.  The  two  plates  being  now 
drawn  together  by  screws,  the  packing  will  be  bulged  out 
at  the  sides,  and  press  against  the  surface  of  the  cylinder, 
which  will  be  lubricated  by  the  grease  oozing  through. 
The  pressure  of  the  steam  will  likewise  cause  the  plates 
to  collapse,  and  produce  a  similar  effect. 

Another  modification  consists  in  a  cast-iron  piston,  with 
a  hollow  piston  rod,  through  which  the  fluid  is  intro- 
duced from  a  reservoir  at  the  upper  end,  and  communi- 
cates with  a  large  groove  made  round  the  periphery  of 
the  piston,  which  is  inclosed  by  a  covering  of  canvas  as  be- 
forementioned,  through  which  the  grease  finds  its  way  to 
lubricate  the  cylinder.  We  have  never  met  with  the 
application  of  these  pistons  to  an  engine,  and  we  much 
doubt  their  capability  to  sustain  even  the  work  of  a  low- 
pressure  engine,  without  some  additional  packing. 

In  188S,  Mr.  Jacob  Perkins  included  in  the  specifica- 
tion of  a  patent,  a  description  of  an  expanding  metallic 
piston,  which  he  applied  to  an  engine  of  his  own;  it  did 
not,  we  understand,  answer  his  expectations;  but  as  the 
combinations  of  such  a  mechanician  as  Mr.  Perkins  will 
probably  interest  the  reader,  we  shall  introduce  a  descrip- 
tion of  it  from  the  Register  of  Arts,  (vol.  iii.  page  170, 

First  Series.) 

The  specification  of  the  patent  states  this  to  be  a  new 
arrangement  of  rings  for  metallic  stuffing,  and  to  consist 
in  keeping  the  expanding  opening  of  a  flexible  ring  steam- 
tight,  by  means  of  eccentric  and  non-expanding  rings. 

The  annexed  figures  show  the  arrangement  of  all  the 
parts  of  the  contrivance. 

In  the  elevation  (marked  Ele),  a  is  a  flexible  expanding 
ring,  and  6  c  two  inflexible  non-expanding  rings.  The 
adjoining  figure  (marked  Sec.)  gives  a  vertical  section  ot 
the  whole  of  the  piston.    The  figure  a  is  a  plan  of  the 


JBBBOP  H  METALLIC  FIITon. 


flexible  expanding  "ng,  Bhown  in  the  elevfttion  aod  sec- 
tion ;  and  the  figure  b  c  gives  also  a  plao  of  the  twx>  in- 
flexible rings  marked  b  c  in  the  elevation  and  sectioo. 

Ill  the  plan  a  of  the  flexible  ring  an  opening  is  shown, 
and  to  prevent  the  escape  of  steam  at  this  opening,  the 
two  inflexible  rings  b  c  are  placed  one  on  eaeh  side.  In 
the  latter,  it  will  be  obwtved,  there  is  a  notch,  in  which 
u  guide  ^in  is  fixed,  and  tbat'there  are  two  heliacal  springs 
which  press  the  side  of  the  ring  to  which  tbey  are  attached 
eccentrically  from  the  piston.  When  these  two  rings  are 
fitted  on  to  the  piston,  the  opening  in  the  broad  flexible 
ruig  o,  ^ould  be  placed  od  the  opipoBite  side  to  that  in 
wnicb  the  notches  in  the  inflexible  rings  are  placed.  By 
this  arrangement,  when  the  piston  is  put  ioto  the  cylinder, 
these  two  eccentric  rings  b  and  C,  will  press  against  that 
part  of  the  cylinder  immediately  above  and  below  the 
opening  in  the  elastic  ringo,  and  will  thereby  supply  the 
deficiency  occasioned  in  the  piston  by  such  opening  in  the 
eladtic  ring. 

In  1828,  Mr.  Jessop,  of  Butterby  Hall,  near  Derby, 
patented  an  expanding  metallic  piston,  which  has  some 
fair  claims  to  notice,  as  it  may  probably,  under  aone  slight 
modifications,  be  rendered  a  v^ery  efficient  instrament ;  a 
description  of  this  piston  has  been  given  in  a  former 
part  of  this  work,  page  270. 

Expanding  metallic  pistons  have  likewise  been  applied  to 
rotary  engines,  in  which  cases  they  are  usually  rectangular. 
Some  account  of  these  will  be  fontid  under  their  respec- 
tive engines;  the  very  limited  use  of  these  does  not,  how- 
ever, render  it  desirable  to  extend  our  observations  upon 
the  subject. 

PoTtUld  Motion.— Vfe  shall  now  proceed  to  descnbe 
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varioas  methods  by  which  the  piston  rod  is  made  to  move 
in  a  right  line,  whilst  the  end  of  the  beam  with  which  it  is 
coimected  describes  an  arc  of  a  circle.  The  first  plan 
of  Bolton  and  Watt  was  to  place  a  toothed  sector  on  the 
end  of  the  beam,  the  length  of  the  radius  being  equal  to 
the  distance  between  the  axis  of  the  beam,  and  a  vertical 
line  through  the  centre  of  the  piston  rod;  on  the  tapper 
pbrt  of  the  piston  rod  was  placed  a  rack,  which  acted  upon 
the  sector,  and  forming  a  tangent  to  it,  preserved  a  recti- 
linear motion  of  the  piston  rod  throughout  the  stroke. 

A  much  superior  method  was  afterwards  devised  of 
eflfecting  the.  same  thing,  by  an  arrangement  of  rods  mov- 
ingrin  circular  arcs;  the  principle  is  simply  this: — If  a  bar 
be  Ho  confined  by  other  bars,  that  the  motion  of  the  end  a 
in  a  right  line,  causes  the' other  end  6,  to  describe  a  certain 
curve,  then,  on  the  other  hand,  the  motion  of  6  in  the 
corjiFe  will  cause  a  to  describe  a  right  line. 


To  apply  this  to  the  ease  before  us,  et  a  6  c  represent 
the  beam  of  an  engine  at  the  highest  point  of  the  stroke, 
ad  its  position  at  the  middle  of  the  stroke,  and  a /  its 
lowest  position,  cy  and  b  h  are  two  side  rods  suspending 
the  bar  g  A,  parallel  to  a  fr  e;  9  Ar  /  a  riglil  line,  in  which 
the  bar  at  g  moves  in  a  groove;  then,  when  the  end  of  the 


448  PARALr.eii  BtortAK. 

beam  c  if>  at  <^  the  end  g  of  the  bar  g  A  will  be  at  i,  and 
as  9  ft  is  parallel  to  a  d,  the  other  end  h  of  the  bar  g  k 
wilt  be  at  nt,  and  when  c  arrives  at/,  g  will  be  at  /,  and  k 
at  n;  the  point  A,  therefore,  will  have  described  a  curve, 
passing  through  the  points  A  m  n,  whilst  the  piston  moTing 
in  a  right  liilfe,  passed  through  the  points  j;  it  1%  if,  there- 
fore, the  groove  in  which  the  head  of  the  piston  rod 
moved  be  taken  away,  and  the  end  h  of  the  bar  ghhe 
;>ointed  to  a  radius  bar  describing  a  circular  arc  passing 
'.hrough  the  points  A  in  r,  then  the  end  g  of  g  h,  to  which 
the  piston  rod  is  attached,  wilt  move  through  the  points 
pi/,  and  the  whole  path  of  the  piston  rod  will  differ  vary 
little  from  a  right  line.  The  small  deviatiMi  from  a  riglit 
line  arises  from  the  circumstance  that  the  curve  described 
by  the  end  A,  is  not  exactly  a  circular  arc,  when  g  moves 
in  a  strictly  right  line. 

To  find  the  length  and  centre  of  motion  of  the  radius 
bar,  with  any  distance  in  the  compasses,  and  on  the  points 
h  m  n,  describe  arcs  intersecting  each  other;  and  through 
the  points  of  intersection  draw  lines  cutting  in  o;  then 
o  n  will  be  the  length  of  the  radius  bar,  and  o  its  centre 
of  motion. 

TTte  Steam-boal  Engijie  Parallel -Motion  in  general  use 
is  represented  by  (he  annexed  cut.  The  length  of  the 
radius  bar,  and  the  centre  of  motion,  may  easily  be  founds 
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as  in  tbe  former  case,  by  supposing^  the  piston  rod  to  move 
in  a  ri^ht  line,  and  finding  three  points,  through  which  a 
point  in  the  side  rod  (assumed  at  pleasure,)  would  pass  in 
the  highest,  lowest,  and  middle  position  of  the  piston  rod ; 
then  a  circle,  which  passes  through  these  points,  will  give 
the  radius  and  centre  sought,  and  the  point  assumed  in 
the  side  bar  will  be  the  point  for  its  connexion  with  the 
radius  bar. 

a  b  c  part  of  the  beam,  c  g  and  b  h  side  rods,  g  the  point 
of  junction  of  the  piston  to  the  side  rod  c  g^  and  m  o  the 
radius  bar. 

In  portable  engines  without  a  beam,  the  crosd  on  the 
head  of  the  piston  rod  has  usually  on  its  ends  friction 
wheels  running  between  guides,  but  we  prefer  the  parallel 
motion  introduced  in  Lloyd's  portable  engine,  described 
hereafter,  as  it  affords  a  convenient  method  of  working 
the  air-pump  and  cold-water  pump.  The  principle  of  the 
parallel  motion  in  thi^  engine  will  be  understood  by  refe- 
rence to  the  following  diagram. 


abc  represent  a  bar  corresponding  to  half  the  beam  of 
an  engine  \  c  k  f  the  path  of  the  piston  rod,  and  b  k  the 
radius  rod:  now  the  radius  rod,  and  the  two  portions  of 
tie  beam  a  b  and  b  c,  being  respectively  equal,  if  a  move 
in  a  right  line  towards  g,  c  will  move  in  the  line  c  *,  and 
if  a  be  connected  to  a  rocking  bar  a  e,  which  from  its 
length,  or  its  small  angular  motion,  describes  an  arc  g  Of 
differing  but  little  from  a  right  line;  and  a  side-bar  or 
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strap  b  hy  and  the  parallel  bar  A  e  being  added,  the  eentrB 
of  6  A,  will  be  tbe  point  of  suspension  for  the  rod  of  the 
air-pump,  and  the  rod  of  the  cold-water  pump  may  be  sus- 
pended from  the  parallel  bar  h  6. 

Condenser, — The  condenser  is  a  close  vessel  surrounded 
by  water,  and  communicating  with  the  cylinder  by  the 
eduction  pipe.  A  small  pipe  rises  a  little  way  in  the  con- 
denser, and  is  terminated  by  a  nozzle  pierced  full  of  small 
holes.  The  water  from  the  cistern  in  which  the  con- 
denser is  placed,  flows  through  this  pipe,  and  forms  a  jet 
within  the  condenser,  and  thus  exposes  a  large  surface  of 
cold  fluid  to  the  steam  entering  from  the  cylinder^  the 
greater  part  of  which  is  thereby  instantly  reduced  to 
water,  and  a  partial  vacuum  formed  at  the  same  time  in 
the  cylinder.  The  greater  the  quantity  of  the  injection 
water,  and  the  lower  its  temperature,  the  more  perfect 
will  be  the  vacuum,  and  the  power  of  the  engine  will  be 
proportionably  increased ;  but  the  most  eligible  quantity 
of  injection  water  will  depend  upon  the  facility  with 
which  it  may  be  procured,  as  more  power  might  be  ex- 
pended in  raising  a  large  quantity,  than  the  improved 
vacuum  would  compensate  for.  If  the  condensation  of 
the  steam  should  raise  the  condensing  water  to  120^  Fah- 
renheit, the  pressure  of  the  condensed  steam  and  air  in 
the  condenser  will  b6  equal  to  3.7  inches  of  mercury ;  and 
the  steatn  ifi  the  boiler  being  at  the  temperature  of  280^ 
Fahrenheit,  and  the  water  in  the  cold  water  cistern  at  56% 
the  injection  water  required  will  amount  to  Vr^h  part  of 
the  cubic  contents  of  the  cylinder  at  each  stroke. 

Air-Pump. — In  the  conversion  of  water  irtto  steam, 
a'  quantity  of  air  which  had  been  previously  combined 
with  it  is  liberated,  which,  on  the  condensation  of  the 
steam,  remains  a  permanent  gas ;  if  this  gas  were  allowed 
to  accutnalate,  its  pressure  would  soon  stop  tbe  engine.  A 
pump,  therefore,  becomes  a  necessary  appendage,  to  ex* 
haust  the  air  as  fast  as  it  is  liberated  by  the  steam ;  the 
UMotk  of  which  disengages  a  further  portion  of  air  from 
^he  Injection  water,  which  water  inu«it  likewise  be  with- 
drawn fW>ili  the  condenser;   and  as  the  air^fpump  only 


AiU-PUMP.  451 

•xhawto  on  the  risir  g  stroke  of  the  engine,  it  niust  be  of 
vnCcient  size  to  draw  off  all  the  air  given  out  at  two 
strokes  of  the  engine^  and  the  water  required  for  conden- 
sation*    This  will  require  the  air-pump  to  be  about  |tb  ,  ^ 
of  the  capacity  of  the  steam  cylinder,  or  half  the  diameter '  ^ 
and  half  the  length  of  the  cylinder.  f^^  <  ^ 

The  condenser  was  the  first  of  Wattes  grand  improve- 
ments on  the  steam  engine ;  by  means  of  it,  the  cylinder 
is  maintained  at  neiirly  the  teipperature  of  the  steam,  and 
^  more  perfect  mi  speedy  condensation  is  effected;  but 
4II  these  advaqtuges  i|re  obtained  simply  by  the  steam 
being  condensed  ont  pf  the  cylinder.  Some  engineers  are 
of  opinion,  that  an  intermediate  vessel  between  the  cylin- 
der and  air-pump  renders  a  larger  air-pump  necessary, 
(J^e  Mr.  3ramah's  letter  to  Chief  Justice  Eyre,  page  93). 
Mr.  Tredgold  says,  that  if  the  steam  could  be  condensed 
in  tli#  body  of  the  air-pump,  a  pump  of  half  the  capacity 
WQnld  be  sufficient,  and  he  gives  a  drawing  of  a  single^ 
flC$ingwsi^M  without  a  condenser;  but  a  double-acting 
engine  would,  in  our  opinion,  require  two  air-pumps,  or 
at  least  a  double*-action  pump,  to  equalise  the  condensa- 
tion «t  each  stroke. 

On  aecount  of  the  power  necessary  to  work  the  air- 
pomp,  it  has  niany  times  been  purposed  to  effect  the  con« 
densntion  of  the  steam,  not  by  contact  with  cold  water, 
l^t  by  exposing  it  to  a  large  surface  of  metal  immersed 
in  water;  and  if  by  this  means  a  sufficiently  rapid  conden- 
nation  could  be  effected,  the  air-pump  would  only  be 
neci^ss^ry  for  a  f$w  strokes  at  starting  the  engine,  and 
OHglpt  afterwards  be  detached  from  the  beam. 

Mr.  C^rtwright,  in  1794,  took  out  a  patent  for  an 
engine,  in  which  the  steam  was  condensed  on  this  prin- 
ciple (fee  page  7^)9  and  an  engine  of  this  kind  was  con* 
structed,  ^nd  it  is  s^id  to  have  given  great  satisfaction  to 
the  proprietors;  b^  ^om  its  not  having  been  adppteo 
generally,  we  are  inclined  to  donbt  the  truth  of  the  states 
i^ent. 

Mr.  Brunei  likewise  had  a  patent,  in  )832,  for  the  same 
object;  his  condenser  consisted  of  several  clusters  of  small 
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tubes  surrounded  by  cold  water.  This  invention  was 
intended  chiefly  for  engines  for  steam  vessels,  and  cer- 
tainly, in  no  case  is  it  more  desirable  to  condense  the 
steam  without  bringing  it  in  contact  with  the  cooling 
fluid;  as,  by  this  means,  steam  vessels  might  use  fresh 
water  instead  of  sea  water  in  the  boilers,  which  would  be 
productive  of  great  economy,  both  in  respect  to  the  con- 
sumption of  fuel  and  the  greater  durability  of  the  boilers, 
which  are  rapidly  destroyed  by  the  salt  water.  We  are  not 
aware  that  the  plan  has  been  tried  on  board  of  any  vessel, 
but,  fVom  the  facility  with  which  the  water  for  condensa- 
tion can  be  procured,  we  are  disposed  to  think  that  success 
is  attainable. 

The  size  of  the  pump  for  supplying  the  injection  water 
must  depend  on  the  facility  with  which  the  water  can  be 
procured.  To  condense  the  steam  to  the  temperature  of 
120**  Fahrenheit,  will  require  about  20  times  the  quantity 
of  water  of  which  the  steam  is  formed,  or  Vrth  part  of  the 
cubic  contents  of  the  cylinder;  and  as  the  pump  makes  but 
one  stroke  to  a  double  stroke  of  the  piston,  its  capacity 
should  be  equal  to  ^d  part  of  the  cylinder. 

The  injection  water,  having  its  temperature  considera- 
bly raised  by  the  condensed  steam,  is  pumped  into  <the  hot 
well  by  the  air-pump,  and  from  this  well  the  boiler  is 
supplied  with  the  water  that  is  requisite  by  the  hot- water 
pump.  This  pump  must  furnish,  at  each  stroke,  as  much 
water  as  is  requisite  for  steam,  during  a  double  stroke  of 
the  piston,  besides  an  allowance  for  loss  by  the  valves, 
leakage,  &c.  As  steam  occupies  about  1700  times  its  bulk 
of  water,  the  hot-water  pump  should  furnish  tA?^^  parts 
of  the  contents  of  the  cylinder,  or,  allowing  for  waste, 
should  be  TTVvth  of  the  capacity  of  the  cylinder. 

Supply  of  Water  to  the  Boiler, — The  manner  of  regu- 
lating the  supply  of  water  to  the  boiler  is  given  in  the 
chapter  upon  boilers,  where  a  variety  of  methods  are  ex- 
plained. 

Safety  Valves  being  an  appendage  to  the  boiler,  are 
also  described  under  the  head  of  boilers. 

Governor. — It  has  already  been  mentioned,  in  our  de- 
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acription  of  the  throttle  valve,  that,  in  order  that  the 
engine  may  in  a  certain  degree  be  a  self-regulating  ma- 
chine, the  throttle  valve  is  usually  regulated  by  ^'  a  go- 
vernor,** connected  with- the  fly-wheel.  When  the  supply 
of  steam  exceeds  in  quantity  that  requisite  for  the  work, 
the  increased  velocity  of  the  fly-wheel  causes  the  governor 
partially  to  close  the  throttle  valve,  and  thereby  diminish 
the  supply  of  steam  to  the  cylinder. 

The  arrangement  of  the  parts  of  a  governor  may  be  a 
good  deal  varied,' but  the  principle  is  the  same  in  all,  viz» 
the  increasing  or  decreasing  of  the  centrifugal  force  of 
two  heavy  balls,  which,  being  set  in  motion  by  the  revo- 
lution of  the  fly-wheel,  operate,  through  the  medium  of  a 
lever,  upon  the  throttle  valve.  The  annexed  figure  re- 
presents a  governor  used  in  an  engine  of  Fentom,  Murray 
and  Wood,  of  Leeds. 


a  is  an  upright  spindle  revolving  in  a  step,  and  set  in 
motion  by  the  fly-wheel  acting  on  the  bevelled  wheel  ft, 
through  an  intermediate  train  of  wheels;  c  c  are  two 
heavy  balls  suspended  by  jointed  arms  to  the  upright 
Hpindle  at  d;  e  e  are  two  short  bars,  connecting  the  arms 
to  a  collar,  which  slides  upon  the  lower  end  of  the  spin« 
die;  to  this  collar  are  jointed  two  vertical  rods  (one  only 
can  be  seen),  which  support  another  sliding  collar  at  the 
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upper  end  of  the  upright  spindle,  above  the  point  of  nm^ 
pension  d.  In  the  upper  collar  is  turned  a  groove,  which 
receives  a  forked  lever/,  that  is  connected  by  other  leveis 
to  the  throttle  valve.  As  the  velocity  of  the  fly-wheel 
increases,  the  centrifugal  force  causes  the  balls  to  revolve 
further  apart ;  in  doing  this,  their  elevation  is  increased, 
vhich  raises  the  lower  collar,  and  the  lower  collar  by  its 
vertical  rod  raises  the  upper  collar,  which,  by  means  of 
the  lever  /,  acts  upon  the  throttle  valve,  as  beforemen* 
tioned. 

Field*s  r$gukaing  Valve  is  a  contrivance  introduced  by 
Mr.  Joshua  Field,  (of  the  firm  of  Maudslay  and  Co.)  ;  its 
object  is  to  regulate  the  supply  of  the  steam  to  the  cylinder, 
in  a  superior  manner  to  the  throttle  valve.  We  have  never 
seen  this  invention  applied,  but  Mr.  Tredgold  says  that 
^^it  consists  of  a  valve  placed  in  the  situation   usually 
assigned  to  the  throttle  valve,  that  is,  near  to  the  place 
where  the  steam  is  admitted  to  the  cylinder.     This  valve 
is  to  be  opene^at  once,  at  the  commencement  of  the  stroke, 
so  as  to  afford  full  passage  to  the  steam,  and  shut  at  once, 
after  a  certain  part  of  the  stroke  is  made,  that  the  rest  of  it 
may  be  completed  by  the  power  of  the  steam.  This  may  be 
done  by  causing  the  valve  to  open  by  a  tooth,  or  cam,  on  a 
cylinder,  on  one  of  the  revolving  shafts  formed  to  raise  the 
valve,  and  keep  it  open  till  the  shaft  has  made  part  of  its 
revolution,  and  then  shut  it.     If  the  toothed  cylinder  be 
made  to  slide  on  the  shaft,  and  the  form  of  the  tooth  be 
such,  that  as  the  cylinder  is  moved  in  one  direction  the 
valve  will  shut  sooner,  and  in  the  other  direction  later, 
there  is  then  the  means  of  rei^ulating  the  power  of  the  en- 
gine.    This  may  be  done  either  by  hand,  or  by  causing 
the  cylinder  having  the  tooth  to  slide  by  the  governor." 

Perkins's  regulating  Fa/t;€,— For  cutting  off  the  steam  at 
any  part  of  the  stroke,  is  described  hereafter,  with  the  ac- 
count of  his  expansive  engine. 

Fly-wheel. — ^The  principles  of  the  fly-wheel  have  already 
been  so  fully  explained  (at  pages  65  to  69,)  that  we  shall 
here  give  only  the  following  simple  rule  for  ascertaining 
the  weight,  extracted  from  Brunton^s  Compendium. 
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Multiply  tb^  nuitiler  of  horses  power  of  the  engine  by 
S600,  and  divide  by  the  square  of  the  velocity  in  feet,  of 
the  circumference  of  the  wheel  per  second,  and  the  quotient 
will  be  the  weight  in  cwts. 

Example :— Required  the  weight  of  a  fly-wheel,  proper 
for  an  engine,  at  20  horses  power,  the  circumference  of  the 
wbeel  moving  at  the  rate  of  1232  feet  per  minute. 

Velocity,  1333  per  minute, 

80i  per  secoud,     tO  homes 
SOi  8000 


Square    420i  )40000(90.4  c wt.  weig;ht  6f  wheel. 


As  the  most  disastrous  consequences  might  result  from 
the  breaking  of  such  a  heavy  mass  as  the  fly-wheel, 
when  moving  with  great  velocity,  and  several  fatal  acci- 
dents having  actually  occurred,  we  think  that  for  all  engines, 
above  10  horses  power,  the  fly-wheel  ought  to  b^  composed 
entirely  of  wrought-iron,  its  force  to  resist  tension  being 
so  much  superior  to  cast«iron. 

CalcukUing  the  power  of  Engines. — Having  described  in 
detail  the  principal  constituentsofthe steam  enginia,we shall 
proceed  to  give  the  rules  for  calculating  the  potvef  from 
its  dimensions,  and  for  determining  the  dimensiofis  proper 
for  an  engine  of  a  desired  power.  These  rules  we  shall 
select  principally  from  Mr.  Tredgold's  excellent  treatise 
on  the  Steam  Engine,  referring  such  of  our  readers  as  are  de- 
sirous of  examining  the  foundations  of  the  rules  to  the  work 
itself,  in  which  they  will  find  a  minnte  and  philosophical 
investigation  of  the  effect  of  every  circumstance  by  which 
the  power  of  the  engine  is  affected.  The  first  point  to  be 
asiiertained  is  the  amount  of  the  effective  pressure  upon 
the  piston.  The  whole  force  of  the  steam  in  the  boiler, 
h  not  effective  in  raising  the  load,  various  deductions  being 
iieeeassiry  for  loss  by  condensation,  leakage,  friction,  &c. 
Tile  loas  from  these  causes,  in  an  engine  having  tio  con- 
denser, is  estimated  as  follows : 
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The  pressure  on  the  boiler  being   •  IdOOO 

1.  The  force  necessary   for   producing  motion  of 

the  steam  in  the  cylinder *<K)69 

S.  By  cooling  in  the  cylinder  and  pipes    ........       *0I60 

8.  Friction  of  piston  and  waste    "SOOO 

4.  The  force  required  to  expel  the  steam  into  the 

atmosphere *0069 

5.  The  force  expended  in  opening  the  valves,  and 

friction  of  the  parts  of  an  enti^ine '0622 

6.  By  the  steam  being  cut  off  before  the  end  of 

the  stroke IClOO 

Amount  of  deductions         3920 

Effective  pressure. .  • .  6080 


nearly  TVtbs  of  the  whole  pressure  of  the  steam  in  the  boiler ; 
and  if  we  deduct,  from  the  remaining  Aths,  the  amount  of 
the  pressure  of  the  atmosphere,  the  result  will  be  the  effec- 
tive pressure,  when  the  engine  is  not  working  by  expansion. 

Example. — If  the  pressure  in  the  boiler  be  equal  to  120 
inches  of  mercury,  and  the  pressure  of  the  atmosphere  SO 
inches,  the  effective  pressure  will  be  rVths  of  120>b72  less 
dO>-42  inches. 

In  a  condensing  engine  the  loss  is  estimated  as  follows  : — 

The  pressure  on  the  boiler  being .*.•... 1000 

1.  By  the  force  required  to  produce  motion  of  the  steam 

into  the  cylinder 007 

%,  By  the  cooling  in  the  cylinder  and  pipes 016 

3.  By  the  friction  of  the  piston  and  loss    126 

4.  By  the  force  required  to  expel  the  steam  through 

the  passages    007 

6.  By  the  force  required  to  open  and  close  the  valves, 
raise  the  injection  water,  and  overcome  the  friction 

oftheaxos  , 068 

6.  By  the  steam  being  cut  off  before  the  end  of  the  stroke  100 

7.  By  the  power  required  to  work  the  air-pump 050 

868 

688 


The  pressure  of  steam  on  the  boiler  is  generally  S5  inches 
of  mercury,  for  condensing  engines,  and  the  pressure  of 
the  nncondensed  steam  is  3.7  inches;  the  difference  be« 
twecn  the  two  pressures  is  31.3  inches,  which,  multiplied 
by  632,  gives  18,42  inchesss7.1  lbs.  circular  inch,  as  the 
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4ii7 


effective  pressure  upon  the  piston,  when  the  engine  doe;i 
not  work  expansively. 

Working  by  expan^on.— But  it  is  found  advantageous  to 
work  by  the  expansion  of  the  steam  ;  that  is,  to  cut  off  the 
steam  at  a  given  portion  of  the  stroke,  and  allow  the  re- 
mainder of  the  stroke  to  be  effected  by  the  expansion  of 
the  steam ;  by  which  means,  all  the  power  obtained  by  the 
expansion  of  the  steam  b  gained,  and  this,  in  high*pressure 
engines,  is  considerable.  The  following  popular  illustra- 
tion of  this  subject,  by  Mr.  Perkins,  is  extracted  from  the 
Register  of  Arts,  and  Journal  of  Patent  Inventions, 
(vol.  i.  N.  S.  page  72.) 

*^  The  diagram,  figs.  1  and  2,  will  shew  the  economy  of 
using  steam  expansively,  and  also  the  method  of  compen- 
sating for  the  inequality  of  the  pressure  on  the  piston, 
which  if  steam  of  4001bs.  to  the  square  inch  be  used,  and 
stopped  off  at  the  quarter  stroke,  will  end  its  stroke  at 
100  lbs.  per  inch.  The  diagram  will  also  show  that  the 
motion  of  the  piston  is  constantly  varying,  while  that  of 
the  crank  is  uniform  in  its  motion.* 


(FIG.  1.) 


(FIG.  2.) 


•  Thu  diagram  does  not  pretend  to  mathematical  accuracy ;  the 
object  is  merely  to  explain  to  the  practical  mechanic,  in  a  suffidfntlj 
dear  and  concise  manner,  the  pnnciplc  of  the  ad iraotage  gained  bj 
using  eteam  ezpansivelj. 

90.  Sjc 
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Fig.  1.  A  A  400    Fig.  I.  BB  475    Fig.  1.  CC  1fi& 
S.  AA  275  S.  BB  125  2.  CC  000 


675  600  725 


Fig.  1.  DD  400  Fig.  1.  EE.  476  Fig.  1.  FF.  125 
2.  DD  275       EE.  125       FF.  600 


676  600  726 


^'  From  repeated  experiments,  and  much  reflection,  I  am 
led  to  believe  that  there  is  great  economy  in  using  very 
high  steam,  and  that  expansively  ;  that  the  higher  you  can 
practically  use  the  steam,  the  sooner  you  may  cut  it  off. 
The  diagram  shews  the  gain  in  cutting  off  the  steam  at  the 
quarter  stroke.     Let  the  piston,  which  is  represented  by 
the  line  Ar,  1  a,  descend  to  t  6,  being  one  quarter  of  the 
stroke^  with  a  constant  pressure  of  400  lbs.  per  square  inch. 
At  this  point  let  the  steam  be  cut  off,  and  expand  to  double 
its  volume ;  when  it  arrives  at  h  c,  it  will  be  exerting  a 
pressure  of  200  lbs.  per  inch,  producing  a  mean  of  SOOlbs. 
per  inch,   through  the  quarter  stroke.      Let  the  steam 
again  expand  to  double  its  volume,  and  the  piston  will 
finish  its  stroke  at/6,  at  100  lbs.  per  inch,  giving  a  mean 
of  150  pounds  per  inch  for  each  quarter,  which  add  to 
the  other  two  quarters,  400,  300,  150,  150,  and  the  whole 
sum  will  be  1000,*  giving  an  average  pressure  of  250,  per 
square  inch.     It  will  be  seen  that,  when  the  stroke  is  com- 
pleted, the  cylinder  will  be  tilled  with  steam  at  a  pressure 
of  100  lbs.  per  inch,  which  will  be  the  same  in  quantity  as 
though  the  steam  had  begun  with  a  pressure  of  100  lbs.  per 
inch,  and  continued  all  the  stroke  at  that  pressure.     By 
using  the  same  quantity  of  steam  expansively,  beginning 
at  400  lbs.  there  is  a  gain  of  150  per  cent.     If  the  steam 
be  used  at  600  lbs.  per  inch,  and  cut  off  at  one*eighth  of  the 


*  If  the  steam  had  continued  the  whole  length  of  the  stroke  at  4001b*. 
per  square  inch,  the  sum  would  have  been  lOOOlbs.  ^  consuming  foar 
times  the  steam,  with  the  addition  of  only  60  per  cent  to  the  power.. 
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stroke,  225  per  cent,  will  be  the  gain.  To  compensate 
for  the  unequal  pressure  of  the  steam  upon  the  piston,  two 
cylinders  should  be  used,  particularly  for  steam  boats  and 
pumping,  where  the  fly  should  be  dispensed  with.  With 
the  following  arrangement,  it  will  be  seen,  while  one  of 
the  pistons  is  at  its  greatest  power,  the  other  is  acting 
with  a  diminished  power. 

^^  The  piston  1,  fig.  1^  in  descending  from  a  to  6,  moves, 
^ji  the  same  time,  through  half  the  space  through  which 
the  crank  moves,  as  will  be  seen  by  its  path  from  1  to  3. 
A  force  of  400  lbs.  is  exerted  on  the  square  inch,  (that 
being  the  pressure  of  the  steam,)  in  the  first  quarter  of  the 
stroke ;  at  this  point  the  steam  is  cut  ofi^,  leaving  the  other 
three-fourths  of  the  stroke  to  act  expansively.  The  piston 
1,  fig.  2,  having  completed  half  its  stroke,  when  piston  1, 
fig.  1,  begins  its  stroke,  and  consequently  a  compensation 
near  enough  for  all  practical  purposes  takes  place. 

^'  It  will  be  seen,  that  while  the  piston  1,  fig.  1,  has  per- 
formed one*fourth  its  stroke,  that  the  piston  1,  fig.  2^,  has 
moved  from  c  to  6,  performing  seven-sixteenths  of  its  stroke 
in  the  same  time.  The  mean  in  each  quarter,  from  c  to  6, 
fig.  2,  being  150  lbs.  the  amount  of  pressure  to  be  added  to 
the  first  quarter  of  the  stroke  of  the  piston,  fig.  1,  (which 
was  400  lbs.)  is  275  lbs.,  producing  an  available  power  of 
()751bs.  at  this  part  of  the  stroke.  The  piston,  fig.  2,  now 
moves  but  two-sixteenths  of  its  stroke  from  6  to  «,  and  / 
to  8,  while  the  crank  moves  through  two  of  its  divisions, 
from  6  to  8,  which  would,  in  another  part  of  its  path,  move 
(within  a  fraction)  with  the  same  velocity  as  the  piston. 
The  piston,  fig.  2,  in  moving  from  6  to  6,  gives  a  power  of 
25 lbs.  being  the  last  of  the  expansion  which  ends  at  lOOlbs. 
per  inch.  The  piston,  fig.  ^,  in  moving  from /to  8,  being 
the  beginning  of  the  stroke,  gives  a  power  of  100  lbs. ;  thus 
a  power  of  125  lbs.  will  be  acting  in  the  piston  I,  fig.  1, 
while  moving  from  6  to  d,  giving  a  power  of  475  lbs.,  to 
which  add  135,  will  shew  a  power  of  600 lbs.  at  this  part 
of  the  stroke.  The  piston  1,  fig.  i,  now  descends  from  d  to  €, 
being  the  last  quarter  of  the  stroke,  giving  125  lbs.  of 
power  to  act  with  the  piston  1,  fig.  2,  while  moving  from 
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Siohy  giving  a  power  of  OOOIbs.;  add  to  this  the  125 lbs* 
and  it  will  give  a  power  of  726  lbs.  at  this  part  of  the  stroke. 
The  piston  1,  fig.  I,  now  begins  its  stroke  of  4001b8.  per 
inch  at/y  and  continues  to  gj  with  the  same  power^  while 
piston  1,  fig.  S,Bio>'es  from  A  to  IS^givingapowerofSOOlbb. 
to  be  added  to  the  400  lbs.  obtained  at  the  first  quarter  of 
the  stroke  of  the  piston  1,  fig.  1,  at  /  and  g^  producing 
at  this  part  of  the  stroke  7001b».  of  power.  The  piston 
1,  fig.  ly  now  moves  from  g  to  i^  giving  a  power  of  475, 
while  the  piston  1,  fig.  2,  moves  from  12  to  Ar,  and  a  to 
S,  giving  a  power  of  125;  which  added  to  475,  gives  a 
power  of  600,  at  this  part  of  the  8trok#4  The  piston  I , 
fig.  I,  now  moves  from  i  to  1,  being  the  last  quarter  of  the 
stroke,  giving  a  power  of  125  lbs.,  while  the  piston,  fig.  3, 
moves  from  2  to  c,  producing  a  power  of  600,  to  which 
add  125  lbs.,  will  make  725  lbs.  at  this  part  of  the 
stroke. 

'^  By  this  arrangement  it  will  beseen,  that  a  compensation 
is  obtained,  giving  a  more  equable  power  than  that  which 
is  produced  by  the  single  engine,  whether  high  or  low 
pressure,  since  it  is  well  known  that  at  two  points  of  the' 
revolution  of  the  crank,  the  power  ceases,  during  at  least 
one-sixth  of  the  time,  which  is  the  reason  that  so  large  a 
fly-wheel  is  necessary,  it  is  particularly  applicable  to 
steam-boats,  and  may  be  used  to  great  advantage  in  the 
double  pump,  as  well  as  the  balance-bob  lifting  pump, 
used  in  Cornwall  for  mining  purposes,  by  the  use  of  pro- 
per gearing.  The  present  single  stroke  expansive  engines, 
used  in  Cornwall  for  pumping,  are  preferred  to  all  others 
on  account  of  their  economy,  although  they  .are  very 
limited,  as  to  the  extent  of  the  expansive  principle,  for  want 
of  compensation,  as  nearly  the  same  power  is  wanted  to 
finish  the  stroke  of  the  pump  as  to  begin  it. 

^^  The  variation  of  the  velocity  of  the  piston,  occasioned  by 
the  compound  motion  of  the  crank  and  connecting  rod,  is 
not  taken  into  view  in  this  diagram.  As  the  connecting 
rod  is  intended  to  be  four  diameters  of  the  path  of  the 
crank,  the  variation  will  make  no  practical  objection,  being, 
at  its  greatest  value,  but  one  thirty-second  part  of  its 
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range.  If  llie  engine  should  be  worked  by  a  corniectiiig 
rod,  as  is  sometimes  the  case  in  steam  boats,  say  only  one 
diameter  of  the  path  of  the  crank,  the  variation  at  each 
end  of  the  stroke  would  amonat  to  a  practical  defect,  since 
the  piston  would  move  with  nearly  three  times  the  velocity 
at  the  lowest  quarter  of  the  stroke^  that  it  would  at  the 
first  quarter.  Thus  circumstanced^  the  crank  must  be 
above  the  cylinder. 

^^  As  the  law  of  expansion  seems  not  yet  to  be  settled,  an 
arithmetical  expansion  has  been  used  for  this  diagram, 
which,  from  its  approximation  to  the  real  law,  will  be 
quite  near  enough  for  practical  purposes.  IVfcuiy  who  are 
of  the  school  of  Tilloch  and  Woolf,  believe  that  the  ex- 
pansive power  of  steam  depends  upon  heat  only,  while  the 
Soho  experiments  are  said  to  prove  that  elasticity  depends 
simply  on  density,  without  regarding  temperature,  viz* 
that  if  a  cubic  foot  of  steam  at  atmospheric  pressure  weighs 
one  ounce,  fifty  atmospheres  of  steam  would  weigh  fifty 
ounces ;  but  Dalton,  who  is  undoubtedly  much  nearer  the 
true  law,  would  make  fifty  atmospheres  weigh  but  about 
thirty-four  ounces. 

^^  1  have  no  doubt  that  tbe  nearer  the  atoms  of  water  are 
made  to  approach  each  other  by  compression,  the  greater 
will  be  the  repulsive  action  of  caloric ;  and  that  in  a  more 
rapid  ratio  than  has  hitherto  been  allowed,  especially  in 
highly  compressed  steam.  Its  comparative  density  with 
the  increase  of  power  diminishes  faster  than  has  been  sup- 
posed even  by  Dalton." 

The  advantages  of  allowing  the  steam  to  expand  being 
so  clear,  we  must  next  determine  the  best  point  for 

Cutting  off  the  Steam. — The  pressure  of  the  steam  upon 
the  piston  should  never  be  less  than  the  resistance  from  (lie 
friction,  &c.  added  to  the  pressure  of  the  atmosphere  in 
non-condensing  engines,  or  tbe  pressure  of  the  uncondcnsed 
steam  in  condensing  engines ;  and  as  the  pressure  of  the 
steam  is  inversely  as  the  space  it  occupies,  if  we  divide  (he 
amount  of  the  friction,  &c.  added  to  the  pressure  of  the  at- 
mosphere, ^'r  of  the  uncondensed  steam  by  the  pressure  of 
thesteam  in  theboiler,  the  quotient  wil  give  the  portion  of 


462  CDTTING  OFF  8TBAM. 

the  stroke  at  which  the  steam'should  be  cut  off,  to  produce 
the  greatest  effect. 

Example — ^The  pressure  in  the  boiler  being^  120  inches, 
the  loss  from  friction^  &c.  is  *4  i^^— 18,  which  added  to  SO 
inches,  the  pressure  of  the  atmosphere,  is78 ;  and  this  divided 
by  120  gives  'iV?  as  the  part  of  the  stroke  at  which  the 
Nteam  should  be  cut  off. 

The  pressure  of  the  steam  upon  the  piston  decreasing 
towards  the  close  of  the  stroke,  in  order  to  compute  the 
power,  we  must  first  ascertain  the  mean  effective  power 
which  has  been  exerted  throughout  the  whole  stroke;  for 
non-condensing  engines,  Mr.  Tredgold  gives  the  follow- 
ing rule. 

Liet  the  portion  of  the  stroke  at  which  the  steam  is  cut 
off,  be  represented  by  a  fraction  whose  numerator  is  I ; 
then  multiply  the  logarithm  of  the  denominator  by  2.3, 
and  add  1  to  the  product;  then  divide  the  sum  by  the  deno- 
minator, and  subtract  0.4  from  the  quotient,  and  the  re- 
mainder being  multiplied  by  the  whole  force  of  the  steam 
in  pounds  per  circular  inch,  and  ll.&51bs.  subtracted  for 
the  pressure  of  the  atmosphere,  will  give  the  mean  effective 
pressure  on  the  piston,  in  pounds  per  circular  inch. 

Example. — Let  the  pressure  in  the  boiler  be  46ibs.  per 
circular  inch,  and  the  steam  cut  off  at  }ds  of  the  stroke. 

f — tV  I-ogarithm  of  1 .6  x  8.3  —  0-406 

1- 


1.5)  1-406 


-986 

*4    Allowance  for  friction,  &c. 

-636 
46  lbs.  the  pressure  in  the  botlen 


24*666 

1 1-66   resistance  of  atmosphere. 


Moan  effective  pressure^  18'106  lbs.  per  circular  inch. 

But  it  is  only  by  condensing  the  steam,  after  allowing  it 
to  expand,  that  the  greatest  possible  effect  is  derived  from 


VBIiOCITr  OF   PISTON.  463 

•leam;  in  this  case,  the  rule  for  finding  the  mean  effective 
pressure  is  as  follows : — 

Let  the  part  of  the  stroke  at  which  the  steam  is  cut  off, 
be  represented  by  a  fraction  whose  numerator  is  1 ;  then 
multiply  the  logarithm  of  the  denominator  by  2*3^  and 
divide  the  product  by  the  denominator,  and  the  product 
multiplied  by  the  whole  force  of  steam  in  the  boiler  in 
pounds  per  circular  inch,  will  give  the  mean  pressure. 

Example — Let  the  pressure  in  the  boiler  be  35  inches, 
or  13.51bs.  per  circular  inch,  and  let  the  steam  be  cut 
off  at  i  of  the  stroke. 

1=^.,.  logarithm  822819Xff='354Xl3*5=4*8lbs.  per  circular  inch. 

The  velocity  with  which  the  pi»ton  should  move  is  shown 
by  Mr.  Tredgold  to  be  Jth  of  the  velocity  which  a  body 
would  acquire  in  falling  through  the  length  of  the  stroke, 
which  being  eight  times  the  square  root  of  the  length, 
gives  twice  the  square  root  of  the  length  of  the  stroke,  as 
the  velocity  of  the  piston  per  second,  or  120  times  the 
square  root  per  minute,  suppose  the  steam  to  act  on  the 
piston  during  the  whole  stroke  with  the  same  pressure  ; 
but  the  imperfection  of  the  valves  not  admitting  of  this, 
he  gives  the  following  rule  for  engines  acting  expansively. 

Let  the  part  of  the  stroke  at  which  the  steam  is  cut  off, 
be  represented  by  a  fraction  whose  numerator  is  1,  multiply 
the  logarithm  of  the  denominator  by  2*3,  and  add  *7  to  the 
product;  multiply  the  sum  by  the  portion  of  the  stroke  at 
which  the  steam  is  cut  off,  and  the  square  root  of  the  pro* 
duct,  multiplied  by  120,  gives  the  velocity  in  feet  per  minute. 

Examph. — Let  the  steam  be  cut  off  at  {,  and  the  stroke 
be  eight  feet  long,  required  the  velocity. 

i  log.  is  0*60806 
2-3 


1-38478 
+•7 


2*08473 
|or8=»  8 


4*169Vx  120=245  h^  per  minite. 
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Id  engines  not  intended  to  work  expansively,  the  steam 
may  be  reckoned  as  cut  off  at  j  of  the  stroke,  and  then 
103,  the  square  root  of  the  length  of  the  stroke^^to  the 
velocity. 

Example. — The  steam  acting  iinder  full  pressure,  and 
the  length  of  stroke  eight  feet,  required  the  velocity. 

S>/      log.  0*45154 
103  2*01883 


291  yelo.=2*46437 


To  find  the  Power  of  an  Engine. — Multiply  the  square 
of  the  diameter  in  inches  by  the  effective  pressure  in 
pounds  per  circular  inch,  and  the  product  by  the  velocity 
in  feet  per  minute,  and  this  product  will  be  the  number 
of  pounds  raised  one  foot  high  per  minute,  which,  divided 
by  33,000,  will  be  the  number  of  horses  to  which  the  en- 
gine  is  equivalent. 

Example. — Required  the  power  of  an  engine,  the  dia- 
meter of  the  piston  being  two  feet,  length  of  stroke  four 
feet,  and  effective  pressure  per  circular  inch  7*llb8. 

Diameter,  24  inches  Bquare=s  676 

Effective  prepare 7*1 

4089-6 
Velocity 203 

FooDds  raised  one  foot  high.  .842457*6 
Aad  842457-7-33,000—261^  horses. 

To  ascertain  the  dimensions  of  an  engine  of  a  given 
power,  to  work  at  a  given  pressure,  and  the -diameter  to  be 
in  any  proportion-to  the  length: — 

LfOt  the  proportion  between  the  diameter  and  length  of 
the  stroke  be  represented  by  a  fraction  whose  numerator 
is  1,  divide  12  by  the  denominator,  and  find  the  logarithm 
of  the  >J  of  the  quotient,  and  to  this  add  the  logarithm  of 
33,000,  and  from  the  sum  subtract  the  logarithm  of  the 
effective  pressure,  and  the  logarithm  of  the  number,  which 
multiplied  into  the  square  root  of  the  length,  would  give 
the  velocity;  the  remainder  multiplied  by  2,  and  divided 
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by  5,  will  give  the  diameter  in  inches,  from  whence  the 
length  of  stroke  and  Telocity  may  be  found. 

Example. — Required  the  diameter  of  the  cylinder  for 
aD  engine  of  30  horse  power,  with  the  length  of  the  stroke^ 
and  Telocity  per  minute,  the  length  of  the  stroke  being 
twice  the  diameter  of  the  piston,  and  the  effective  pressure 
7.1  lbs.  per  circular  inch,  to  work  at  full  pressure.  At 
full  pressure,  the  square  root  of  the  length,  multiplied  by 
103,  gives  the  Telocity  per  minute. 

Proportion  of  diameter  to  stroke  ^  and  12^  2=6  log.  0.77815      0.38007 

88000 log.  4.51851      4.51861 

^0  horse log.  1.47712      1.47712 

Bum 6.77378      6.38470 

7.1  eff.  pressure  log.  0,85125 

103. •« log.  2.01283 

2.86408   2.86408 

3.90970   3:52062 
2       2 

6)7.81940  5)7.04124 

Inches  diameter  25. 1.56383      1.40825 


SECTION  IV. 

STEAM-BOAT  PROPELLING  MACHINERT. 

A  STRONGER  proof  of  the  importance  attached  to  this  sub^ 
ject  cannot  well  be  afforded,  than  by  the  curious  fact,  that 
no  less  than  seventy  different  inventions  have  recently  been 
patented,  for  the  propulsion  of  steam  vessels.  It  is  hardly 
possible  to  suppose  that  the  exertion  of  so  much  mecha- 
nical ing^enuity  can  fail  to  effect  some  improvement  upon 
the  ordinary  paddle-wheels,  which  are  universally  admit* 
ted  to  possess  many  great  and  glaring  defects ;  neverthe* 
lees,  it  b  a  i^emarkable  circumstance,  that  among  the  very 
90.  3  o 
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numerous  attempts  to  obviate  these  defects,  eonsi«tingr,of 
new  modifications  of  the  wheel,  as  well  as  substitutes  for 
it,  very  few  have  been  purposed,  that  have  not  bera  ttA- 
cnlated  either  to  augment  the  evils,  or  to  introduce  others 
of  greater  magnitude.  In  the  tatter  part  of  Mr.  Gallo- 
way's woi^  in  this  volume,  he  has  iutrodaeed  a  short 
treatise  on  this  subject,  to  which  the  following  account 
of  new  contrivances  for  propelling,  chronologically  ar- 
ranged, will  form  a  valuable  addendum. 


(FIG.  8.) 


J 


inannnnnganannggnj 


Patent  Paddle-wheel  Cases,  by  Mr.  D.  GordoH,  <tfthe  Lon- 
don Portable  Gas  Works.  1822. 

The  patentee  purposes  to  enclose  the  ordinary  paddle- 
wheels  in  a  case,  in  such  a  manner  that  the  edges  of  the 
paddles  of  the  wheel  have  only  just  liberty  to  move  freely 
between  the  sides  of  the  case;  in  front  (i.  e.  towards  the 
bow  of  the  vessel,)  the  water  enters  at  an  aperture  in  tb« 
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esse,  entirely  below  the  level  of  the  water  line,  which^ 
having  been  operated  upon  by  the  paddle-wheels,  escapes 
freely  at  the  back,  the  case  being  left  quite  open  in  that 
part  for  the  purpose.  By  this  method  of  inclosing  tha 
paddle-wheelS)  it  is  considered  that  they  will  act  with 
much  more  effect,  and  propel  a  vessel  faster,  as  the  watei 
cannot  escape  either  sideways  or  downwards,  but  is  forced 
to  enter  the  aperture,  and  be  fairly  driven  out  behind. 
Anocner  advantage  derived  by  this  casing,  of  no  less  im- 
portance, is  the  protection  it  affords  the  paddle-wheels 
from  the  violence  of  the  waves,  which  not  unfrequently 
causes  serious  damages  and  accidents,  when  left  exposed 
in  the  usual  way. 

The  diagram  fig.  1,  is  intended  to  exhibit  a  side  ^iew  of 
a  vessel  so  constructed;  and  fig.  S,  is  a  view  towards  the 
head  of  the  vessel ;  the  same  letters  referring  to  similar 
parts  in  each  of  the  figures. 

a  is  the  paddle-wheel  case,  the  wheel  within  being  re* 
presented  by  dotted  lines ;  b  is  the  fore  part  of  the  keel, 
under  the  bows  of  the  vessel ;  c  is  the  aperture  for  the 
water  to  enter,  and  d  the  open  back  part  of  the  case,  for 
the  water  to  escape ;  the  dotted  line  €,  shows  the  level  of 
the  water  line,  above  the  apertures  c  c,  beforementioned. 

The  specification  describes  several  differently  formed 
t6ssels,  both  for  inland  and  sea  navigation,  and  shows,  by 
reference  to  accompanying  plans  and  sections,  that  the  in- 
vention is  equally  applicable  to  them  all,  and  in  whatever 
part  of  the  hull  the  paddle-wheels  or  wheel  may  be  situa- 
ted. The  construction  of  steam  vessels  with  onlv  one 
paddle-wheel  placed  at  the  stern,  and  in  the  middle  of  its 
breadth,  though  not  entirely  new,  (nor  claimed  under  this 
patent,)  is  too  remarkable  for  us  to  pass  over;  we  have, 
therefore,  selected  the  third  figure  in  our  engraving,  to 
represent  the  patentee's  method  of  applying  his  invention 
to  vessels  of  this  kind.  The  figure  gives  a  longitudinal 
section  of  a  steam-boat  more  especially  adapted  for  inland 
navigation.  This  vessel  is  intended  to  have  a  channel  or 
course  made  through  its  whole  length  along  the  bottonii 
being  open  at  the  under  side,  (like  an  inverted  trough^) 
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until  it  comes  to  the  part  where  the  paddle-wheel  case 
commences ;  and  there  the  channel  is  closed  up  under  the 
paddles,  so  as  nearly  to  touch  their  extremities  as  they 
revolve.  It  is  likewise  intended  that  this  vessel  shall  be 
steered  by  two  rudders,  placed  one  on  each  side  of  the  pad- 
dle-wheeL  and  connected  together  by  jointed  rods,  so  as  to 
be  moved  by  one  lever  or  tiller.  The  paddle-wheel,  in  its 
case,  is  shown  at  a;  the  aperture  for  the  entrance  of  the 
water  at  the  end  of  the  long  channel  at  c,  which  escapes 
freely  at  the^back,  as  the  rudders,  being  placed  at  the  sides 
of  the  stern,  offer  no  obstruction. 

The  aperture  for  admitting  the  water  to  the  paddle- 
wheel,  the  patentee  recommends  to  be  furnished  with  a 
sluice  or  gutter,  so  that  the  water  may  be  supplied  in 
greater  or  less  quantity,  by  increasing  or  diminishing  the 
aperture,  according  to  the  velocity  of  the  wheel,  or  to  the 
roughness  of  the  water  in  which  the  vessel  is  navigated. 
It  is  also  recommended  that  the  said  aperture  shall  be 
protected  by  flat  bars  of  metal  placed  edgeways,  so  as  to 
form  an  upright  grating,  to  prevent  any  floating  sub- 
stances from  driving  against  the  paddle-wheels,  and  at  the 
same  time  not  to  prevent  the  free  entrance  of  the  water. 

Patent  Steam  Boat  Paddles,  by  Lieut.  W.  H.  Hilly  of 

Woolwich.  1825. 

The  object  of  this  invention  is  to  give  a  more  efficient 
direction  to  the  paddles,  by  causing  them  to  describe  an 
elliptical  curve  in  passing  through  the  water;  to  descend 
into  it  at  an  angle  nearly  perpendicular  to  its  surface,  and 
ascend  out  of  it  at  a  similar  angle;  by  these  means  to  ob- 
tain all  the  advantages  of  the  resistance  of  the  water  as  a 
fulcrum  to  the  leverage  of  the  paddles,  and  avoid  the  op- 
posing disadvantages  incident  to  the  ordinary  paddles  at 
their  entrance  into  and  exit  from  the  water.  The  arrange- 
ment is  no  less  singular  than  ingenious. 

a  a  a,  fig.  1,  represent  the  spokes  of  the  paddle-wheel, 
shown  as  disconnected  and  broken  off  from  the  periphery 
ft  5,  to  prevent  its  being  confused  with  the  novel  propel- 
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ling  part;  ccccare  four  bent  levera^  one  of  which  is 
shown  separately  t>y  (ig.  3;  e  ee  e  represent  the  edges  of 
the  paddle-boards,  which  are  bolted  to  the  straight  arms 
of  the  levers  c,  and  are  connected  by  axles  to  four  short 
%Tm8  ff//y  which  radiate  from  the  periphery  of  the 
wheel;  each  end  of  the  curved  part  of  the  levers  is  at* 
-tacbed  to  the  next  lever  in  the  series,  by  an  intermediate 
short  rod  g  g  g  g»  Owing  to  this  mode  of  connecting  the 
short  rods  by  pivot  joints,  the  resistance  of  the  water 


against  each  immersed  paddle,  causes  the  next  in  succes* 
sion  which  is  entering  the  water,  to  be  depressed  at  its 
extremity,  thereby  throwing  it  into  that  position,  or  that 
angle  with  the  surface  of  the  water,  by  which  it  meets 
with  the  least  impediment  to  its  immersion.  The  resist- 
ance of  the  water  upon  the  paddle  that  has  preceded  it, 
then  draws  the  other  into  the  vertical  position,  at  the 
same  time  that  it  is  itself  being  raised  out^f  the  water,  at 
a  similar  angle  to  that  by  which  it  entered ;  these  motions 
are  communicated  successively  to  all  the  paddles. by  the 
revolution  of  the  wheel,  which  will  be  understood  uy  «in 
examination  of  fi^.2,  wherein  are  represented  the  positions 
into  which  the  paddles  and  levers  are  thrown,  by  the  exit 
and  entrance  of  the  paddles. 

In  the  Repertory  of  Patent  Inventions,  No.  7,  the  whole 
of  the  specification  of  Mr.  Hill's  patent  is  inserted,  which 
contains  geometrical  instructions  for  the  formation  of  this 
ingenious  apparatus,  so  as  to  insure  the  true  and  uniform 
action  of  the  parts. 

Putent  Propellinf  Machinery ^  by  O.  H.  Palmer^  tf  the 

Royal  Mini.    1826. 

This'nventii>n  is  sosimple,  both  in  its  construction  andap- 
plication,  as  tA  need  no  explanatory  engravings.  It  consists 
of  chains  pasdl^g^  horizontally  along  the  sides  of  a  vessel, 
or  along  the  t)ottom  between  fake  keels,  with  paddles 
jointed  to  a  f^uide  frame,  to  which  they  are  attached  in 
such  a  manner,  that  when  the  chain  is  drawn  in  a  direc- 
tion from  stem  to  stern,  the  paddles  will  be  kept  in  a  per- 
pendicular position  by  %tnall  check  chains,  proceeding  from 
the  lower  e^trdSt^ty  bf  the  paddle,  to  the  main  chain  or 
guide  frame,  in  an  angular  position  ;  thus  forming  a  resis* 
tance  16  the  water,  which  propels  the  vessel  forwards,  as 
the  chains  with  the  paddles  are  dragged  backwards.  When 
the  korisontal  parts  of  the  chains  are  returned,  or  moved 
fhMn  Bt«m  to  stem,  the  paddles  fold  up  and  take  a  hori- 
ebntal  position  with  the  chains,  and  therefore  form  no 
resistance  in  passing  through  the  water.    The  chains  are 
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kept  m  their  places  by  passing  orer  guide  palleys  at  each 
end  of  the  horizontal  or  lower  ports,  and  over  wheels  at 
the  upper  ports.  The  wheels  are  furnished  with  spikes  on 
their  peripheries,  which  take  into  the  links  of  the  chains. 
These  wheels  are  put  in  motion  by  a  band  passing  over  a 
drum  in  connexion  with  a  steam  engine,  and  round  a  Hroall 
rigger  attached  to  the  axis  of  each  of  the  spiked  wheels. 

When  the  paddles  have  been  made  to  traverse  their 
assigned  dbtance  along  the  vessel,  in  the  direction  from 
stem  to  stern,  they  are  returned  to  their  first  position  by 
reversing  the  motion  of  the  spiked  wheels. 

If  the  paddles  be  used  on  the  sides  of  the  vessel,  the 
spiked  wheels  and  guide  pulleys  are  attached  to  triangu- 
lar frames,  which  are  firmly  fixed  to  the  sides.  But  if 
they  be  applied  to  the  bottom  of  the  vessel,  (which  the 
patentee  recommends  when  they  are  used  for  barges  on 
canals,  as  they  will  in  that  case  agitate  the  water  less,  and 
consequently  do  less  injury  to  the  banks  of  the  canal,)  they 
must  be  placed  between  false  keels.  In  this  case  the  same 
spiked  wheel  will  serve  to  give  motion  to  both  chaips  at  the 
same  time,  by  passing  them  round  it  in  contrary  directions ; 
hence  one  paddle  or  set  of  paddles  will  be  kept  in  action, 
while  the  other  is  returned  through  the  water  in  a  hori- 
zontal position. 

Patent  Propelling  Machinery^  hy  John  Naim^  of  Edin^ 

burgh.    ISSS^ 

Two,  four,  or  more  levers  are  to  be. suspended  over  (be 
sides  of  a  vessel,  and  to  descend  nearly  a^Jow  as  the  ves- 
sePs  keel.  These  levers  are  to  )>e  moved  i^a^kw^rds  and 
forwards,  like  a  pendulum,  the  motion  hejng,<;oHio)U>Dioated 
by  a  steam  engine,  or  other  prime  nitOVAr;  siiid  that  the 
levers  may  experience  but  little  resist;|ppe  frofp  tl;i^  water, 
they  should  be  of  such  a  shape  as  to  pr-cseat  in  th^ir  iiori? 
Rental  section  a  form  like  the  adjoining  figt  |^ .. 
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(FIG.  1.) 


(FIG.  2.) 


At  each  side  of  the  lever,  at  its  lower  extremity,  is  at- 
tached a  broad  plate  of  iron,  a  a,  fig.  2,  by  means  of  hinge 
joints,  which,  upon  the  lever  being  moved  forward,  close, 
and  offer  no  resistance;  but  when  it  is  moved  backward, 
they  open  or  expand,  and  thereby  impel  the  vessel  for- 
ward. To  prevent  their  opening  beyond  the  proper  angle, 
which  is  from  140  to  160  degrees,  a  circular  arc  may  pass 
through  them,  or  they  may  be  connected  to  chains,  which 
only  allow  them  a  certain  range  of  opening,  or  any  other 
method  to  admit  their  expansion  within  due  limits. 

There  have  been  many  previous  contrivances  for  pro- 
pelling, bearing  a  resemblance  to  Mr.  Nairn's  invention, 
which  have  failed  in  practice;  and  we  can  discover  nothing 
in  the  present  contrivance  calculated  to  render  it  an 
exception. 

Patent  Propelling  Machinery^  by  Paul  Steenstrupy  of 

Basing  Lane^  London.     1828. 

.  In  the  ordinary  construction  of  paddle-wheels,  it  will  be 
observed  that  each  paddle  is  fixed  in  the  direction  of 
radii,  and  it  is  equally  obvious  that  some  power  must  be 
lost  in  depressing  the  paddles,  in  their  descent  into  the 
water,  and  likewise  in  raising  them  out  of  the  water  in  their 
ascent,  when  they  have  to  lift  a  portion  of  water,  called 
the  tail-water.  In  most  of  the  attempts  to  remedy  this 
defect,  the  inventors  have  caused  the  paddles  to  maintain 
a  perpendicular  position,  throughout  the  revolution  of  the 
wheel;  and  very  different  opinions  have  been  recently  en- 
tertained, with  respect  to  the  angle  at  which  they  ought 
to  enter  the  water.  Mr.  Steenstrup  considers  that  the  pad- 
dles entering  the  water  should  have  a  certain  obliquity, 
varying  as  the  paddle  advances  in  its  revolution.    He  ob« 
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(FIG.  1.) 


(riG.  S.) 
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serves,  that  as  every  part  of  the  periphery  of  the  wheel 
must  describe  a  cycloid,  the  paddles  should  at  every  part 
of  their  revolution  form  tangents  to  that  curve;  accord* 
ingly  he  has  purposed  four  very  simple  and  ingenious 
modes  of  effecting  this  movement. 

Fig.  1.  in  the  preceding  page,  shews  what  he  deems  the 
simplest  method ;  a  represents  the  paddle-wheel,  b  a  cog- 
wheel bolted  to  the  ^vessel's  side,  concentric  with  a,  and 
allowing  the  shaft  c  of  the  paddle-wheel  to  revolve  in  its 
centre;  d  a  cog-wheel,  double  the  diameter  of  6,  revolving 
upon  an  axis  supported  by  the  arms  of  the  paddle-wheel, 
and  gearing  into  6;  e  the  paddle,  suspended  by  axles  turn- 
ing in  the  rim  of  the  wheel ;  on  each  of  these  axles  is  fixed 
a  chain  wheel/,  and  a  similar  wheel  is  fixed  on  the  axis 
of  the  cog-wheel  d;  9  is  an  endless  chain,  passing  over  the 
vfheels/,  on  the  periphery  of  the  paddle-wheel,  and  under 
the  wheeiy^  on  the  axis  of  d;  A  represents  a  water  line. 

It  will  now  be  perceived  that  when  the  paddle-wheel  is 
set  in  motion,  the  toothed  wheel  b  being  fixed,  causes  the 
large-toothed  wheel  d,  to  revolve  upon  its  own  centre, 
at  the  same  time  that  it  is  carried  round  by  the  paddle- 
wheel,  in  a  manner  similar  to  the  sun  and  planet  wheel, 
in  Wattes  steam  engine.  The  wheel  d,  being  double  the 
diameter  of  6,  will  perform  one  revolution  upon  its  own 
axis,  in  the  same  time  that  it  is  carried  round  once  by  the 
paddle-wheel ;  and  by  means  of  the  endless  chain,  passing 
under  the  small  wheel/,  on  its  axis,  will  cause  each  pad- 
dle to  revolve  once  on  its  axis  in  the  same  time ;  and 
each  paddle  is  constantly  directed  to  the  highest  point  in 
the  rim  of  the  wheel,  which  position  of  the  paddles,  by  a 
diagram  accompanying  the  specification,  the  patentee 
shews  is  nearly  the  required  tangent. 

Fig.  S.  shews  the  other  method  ;  instead  of  the  endless 
chain,  a  large-toothed  wheel  is  placed  loose  on  the  axis  of 
the  paddle-wheel ;  this  toothed  wheel  acts  upon  the  wheels 
fixed  on  the  axis  of  the  paddles,  and  is  put  in  motion  by 
an  endless  chain  gf,  passing  over  a  small  wheel  m,  placed 
on  the  axis  of  <f,  and  over  a  similar  wheel  n,  in  the  axle  of 
one  of  the  paddles.  The  other  parts  being  similar  to  those 
in  fig.  i,  require  no  further  explanation. 
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The  patentee  purposes  in  general,  that  those  wheels 
should  be  immersed  in  the  water  about  one-third  of  the 
diameter,  which  is  considerably  more  than  the  wheels  at 
present  can  be  immersed;  and  thus- the  same  number  of 
paddles  can  be  brought  into  actfon  as  in  a  wheel  of  larger 
dimensions ;  he  indeed  states,  that  the  wheel  will  work 
well  when  totally  immersed,  and  in  any  position,  oblique, 
horizontal,  or  perpendicular. 

From  recent  experiments  on  the  Thames,  the  fact  of  these 
paddles  working  well  when  totally  immersed,  and  in 
various  positions,  has  been  proved ;  and  this  property  seems 
to  confer  upon  them  a  decided  advantage  in  the  plunging 
of  vessels  in  heavy  seas.  We  fear,  however,  that  notwith- 
standing the  simplicity  of  the  arrangement  by  which  the 
paddles  are  made  to  change  their  position,  the  parts  are 
too  numerous,  and  should  it  happen  that  one  link  be  broken 
(which  is  probable)  ^^  the  whole  chain  is  destroyed.'^ 

Patent  Paddle-Wheels^  by  Lieutenant  Skene^  ILN.  of 

Woolwich.    1828. 

This  invention  is  purposed  by  the  patentee  as  an  im-> 
provement  upon  the  paddle-wheels  of  steam  boats,  and 
also  of  the  common  water-wheels  employed  in  driving 
machinery  on  land.  The  form  and  full  size  of  the  paddles 
are  a  parallelogram,  1  foot  deep,  by  2  feet  wide,  terminated 
by  a  semicircle  of  1  foot  radius.  These  paddles  are  not 
immoveably  fixed,  but  vibrate  on  axes  passing  through 
the  two  opposite  annular  plates  that  form  the  periphery 
of  the  wheel,  in  order  to  allow  of  their  dipping  into  the 
water  edgeways,  and  thereby  reducing  the  resistance  of 
the  water  to  the  revolution  of  the  wheel.  For  this  purpose, 
the  loiver  or  semi-circular  portion  of  each  paddle  is  loaded 
with  metal,  the  superior  gravity  of  which,  to  that  of  the 
upper  portion,  causes  each  paddle  successively,  as  it  enters 
the  water,  to  assume  the  vertical  position ;  and  to  prevent 
their  turning  over,  a  simple  stop  is  provided  (which  will 
presently  be  explained,)  so  that  the  full  effect  of  the  impel- 
ling power  of  the  engine  may  be  given  to  each  paddle,  at 
the  proper  time.  To  prevent  the  water  from  escaping 
sideways  between  the  arms  of  the  wheel,  a  large  disc  or 


iltEKE  B  PADDLE-WHICL*. 


(FIG.  1.) 


(FIG.  2.) 
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tireular  plate  k  fixed  against  the  internal  sides  of  the 
wheel,  and  of  such  diameter  as  not  to  come  within  the 
range  of  the  paddles,  as  they  vibrate  on  their  axes. 

The  number  of  paddles  to  each  wheel  is  to  be  regulated 
by  the  diameter  of  the  wheel ;  which  is^  for  every  foot  in 
diameter,  one  paddle ;  therefore,  for  a  six*fooi  wheel  there 
are  to  be  six  paddles,  which  is  the  number  represented  in 
the  opposite  engravings.  The  patentee  states  that  the 
|Nidd(e« should  never  exceed  two  feet  in  breadth;  but 
vessels  that  require  a  greater  breadth  of  ti?&ee/,  should  have 
an  additional  rim  Attached  to  the  axis  of  the  wheel,  within 
which  the  additional  series  of  paddles  are  to  be  placed ; 
but  the  axes  of  this  series  of  paddles  are  not  to  be  in  the 
same  horizontal  lines  as  the  axes  of  the  others,  but  midway 
between  each,  in  order  that  the  paddles  of  each  series  may 
enter  the  water  in  alternate  succession ;  because,  by  such 
arrangement,  the  motion  will  be  rendered  more  equable. 

Fig.  1.  represents  a  side  elevation  of  the  wheel,  with  the 
paddles,  consequently,  viewed  edgeways;  and  fig.  2,  (an- 
nexed,) exhibits  a  single  ptiddle^  flatways^  on  a  larger  scale ; 
the  same  letters  of  reference  in  each  figure  indicate  simi* 
lar  parts. 

aaa  are  the  arms  of  the  wheel,  revolving  upon  the 
shaft  6 ;  c  is  the  circular  plate,  to  keep  the  water  from 
passing  laterally  ;  ddd  are  the  paddlM,  of  which///* are 
the  loaded  sides ;  ibh^  are  the  ates  of  the  paddles,  the 
dotted  arcs  of  circles,  at  the  extremities  of  the  paddles, 
shew  the  range  of  their  motion,  which  is  arrested  by  the 
stops  e,  that  consist  merely  of  a  prolongation  of  the  upper 
sides  of  the  paddles  striking  against  the  arms,  or  the  inside 
of  the  rims  of  the  wheel.  The  arrows  show  the  direction 
in  which  the  wheel  turns.* 

*  It  is  proper  here  to  Dottce,  that  Mr.  Skene  coDBidered  his  inTen- 
tioD  to  be  misrepresented  by  the  above  description,  which  is  extracted 
from  the  second  volume  of  the  Register  of  Arts  and  Journal  of  Patent 
InTentions^  page  196.  In  an  account  which  appeared  subsequently  m 
the  Mechanic*s  Magazine,  communicated  by  the  patentee,  he  states^ 
that  the  wheel  in  propelling  is  made  to  revolve  in  the  contrary  direc* 
Hon  to  that  which  we  have  represented  it.    The  reader  is,  therefore. 
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From  the  preceding  account,  the  action  of  these  wheels 
is  too  obvious  to  require  any  explanation.  We  understand 
that  they  have  been  applied'  to  a  steam  boat  on  the 
Thames,  and  the  experiments  made  have  been  reported  in 
the  newspapers  as  highly  successful ;  but  not  having  been 
present  ourselves,  we  cannot  attest  the  correctness  of  the 
statement,  which  theory  would  lead  us  strongly  to  doubt. 

It  will  be  observed,  that  by  this  arrangement  the  paddles, 
as  they  ascend  out  of  the  water,  are  subjected  to  precisely 
the  same  amount  of  resistance,  as  the  common  wheels 
wherein  the  paddles  are  fixed^  by  having  to  lift  the 
tail  or  back  water;  and  if  the  wheel  be  made  to  revolve 
rapidly,  the  centrifugal  force  will  prevent  the  paddles,  as 
they  descend  into  the  water,  from  assuming  the  vertical 
position,  (as  shown  in  the  drawing,)  consequently  no  ad- 
vantage will  be  gained.  But  we  will  suppose  the  wheel 
oiily  revolving  at  a  moderate  rate,  still  the  centrifugal 
force  will,  to  some  extent,  counteract  the  effect  of  the 
loaded  paddle,  and  to  this  must  be  added  the  resistance  of 
the  water  against  the  loaded  part  of  the  paddle  which  first 
strikes  it;  sufficient,  together,  we  should  imagine,  to  throw 
the  paddles  into  the  radial  position,  and  cause  them  to 
encounter  the  same  resistance  as  in  the  ordinary  wheels. 

In  paddles  of  the  form  delineated,  (fig.  2,)  the  patentee 
states  the  resistance  of  the  water  to  the  upper  and  lower 
portions  to  be  equal.  In  the  construction  of  water-wheels, 
a  cylinder  of  the  diameter  of  the  discs  occupies  the  space 
between  the  two  rims. 


requested  to  bear  this  circumstance  in  his  mind,  and  consider  which 
of  the  two  modes  of  revolving  will  produce  the  greatest  effect  in  pro- 
pelting.  We  have  stated  in  the  text  the  apparent  defects  of  the  mode 
delineated;  by  the  reverse  mode,  preferred  by  Mr.  8kene»  it  does  not 
appear  to  us  that  he  will  profit  any  thing.  It  is  true  that  he  will 
avoid  raising  the  back-water,  but  he  has,  in  consequence,  to  encounter 
tne  disadvantage  of  entering  the  head-water  nearly  horizontally,  and 
the  paddles  lose  their  propelling  effect  immediately  they  get  to  their 
lowest  point,  the  resistance  of  the  water  having  then  a  tendency  to 
turn  the  paddles  round  upon  their  axes.  We  are  supported  in  our 
view  of  the  subject  by  a  statement  appended  to  the  description,  p.  470 
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Since  the  foreg^oing  was  written,  the  perseverance  of 
ihe  patentee  in  his  undertaking,  led  to  the  performance  of 
Geveral  public  experiments  on  the  river  Thames,  which, 
from  being  very  erroneously  reported,  and  absurdly  coqa- 
mented  upon,  in  the  newspapers,  excited  a  great  deal  of. 
public  attention  ;  we  have  accordingly  thought  it  right  to 
annex  to  our  description,  some  information  furnished  to 
us  on  this  head,  from  Mr.  James  Murdoch^  (the  mecha- 
nical draftsman  and  civil  engineer,)  on  whose  judgment, 
candour,  and  talent,  we  place  the  greatest  confidence. 

^^  The  experiment  was  made  on  Wednesday,  Nov.  19, 
1828,  on  board  the  Sons  of  Commerce,  Gravesend  steamer; 
she  was  fitted  with  two  of  the  patent  wheels,  each  of 
which  had  24  paddles,  ranged  in  three  lows,  the  paddles 
measuring  16  inches  hy  16,  and  their  extremities  de- 
scribing a  circle  of  nine  feet  eight  inches  in  diameter;  they 
appeared  to  be  immersed  about  two  feet  six  inches.  Before 
starting  from  Blackwall,  the  paddles  had  been  lashed  to 
the  arms  of  the  wheels,  by  which  means  their  action  was 
the  same  as  that  of  ordinary  paddles;  this  was  done,  in 
order  to  show  the  comparative  effect  of  the  ordinary  pad- 
dles with  the  patent  ones;  and,  on  arriving  in  Woolwich 
Reach,  the  boat,  with  the  paddles  thus  arranged,  was 
made  to  go  a  distance  of  six  miles,  by  passing  backwards 
and  forwards  three  times,  between  two  posts  on  shore, 
situate  one  mile  apart;  this  distance  was  performed  in 
one  hour,  eight  minutes,  and  thirty  seconds,  the  engine 
doing  forty  strokes  per  minute*  The  stops  on  the  arms  of 
the  paddles  being  then  cul,  the  same  distance  was  per- 
formed by  the  patent  arrangement  in  one  hour  and  ten 
minutes,  the  engine  doing  45  strokes  per  minute;  the  ebb' 
tide,  was  running  during  the  whole  time,  and  there  was  a 
fresh  breeze,  nearly  right  down  the  Reach,  although  it 
was  rather  less  towards  the  close  of  the  experiment. 

The  back-water  was  excessive  in  both  arrangemepts, 
and  the  only  difference  I  could  perceive  was,  that  the 
patent  paddles  threw  the  back-water  right  astern,  whilst 
the  ordinary  arrangement  caused  the  swell  to  extend 
mther  on  the  quarter  of  the  vessel.     The  paddles  in 
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turning  seemed  to  strike  tbe  arms  and  the  rim  of  the 
wheels  with  great  riolence,  causing  an  unpleasant  nois* 
The  vibration  of  the  vessel  was  certainly  greater  with  the 
patent  paddles,  the  paddIe>box  being  in  a  continual 
tremor.  In  respect  to  the  power  of  backing  astern,  in 
which  it  has  been  supposed  they  are  deficient,  we  had 
occasion  to  back  the  vessel,  and  I  could  perceive  but  little 
difference  in  the  action." 

Mr.  Stevens  has  recently  adopted  a  more  simple  modi- 
fication of  his  apparatus,  by  having  only  one  paddle  to 
each  throw  of  the  crank,  which  must,  we  tbinl^  increase 
its  strength  and  durability,  and  render  its  action  more 
uniform. 


Patent  Mtthodnf  PropelUng  Vessels,  by  William  Hale,  ttf 
C^UiUMttr.  1£28. 

The  object  of  this  patent  is  to  impel  steam  vessels  by 
means  of  a  stream  of  water  forced  out  astern,  at  a  consi- 
derable depth  below  the  water  line,  and  thus  dispensing 
with  paddle-wheels,  which  are  considered  both  unsightly 
and  inconvenient. 

a  is  a  cylinder  closed  at  top,  and  having  a  grating  at 
bottom,  which  ^rves  to  keep  out  weeds,  &c.    Thb  cylin- 
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der  is  firmly  secured  to  the  bottom  of  the  vessel,  so  as  t« 
have  free  communication  with  the  ivater,  whilst  the  water 
is  prevented  from  entering  the  ship  or  vessel  by  caulkino-, 
&c.;  the  top  of  this  cylinder  must  not  be  above  the  water 
line;  6  is  a  screw  of  two  or  more  threads,  very  nearly  but 
not  quite  in  contact  with  the  sides  of  the  cylinder,  and 
revolving  upon  a  spindle  in  a  socket  at  c;  d  the  shaft  by 
which  the  screw  is  caused  to  revolve,  driven  by  the  band- 
wheel  ey  and  turning  in  a  stuffing-box  /;  9  a  pipe  leading 
from  the  upper  part  of  the  cylinder,  through  a  hole  in  the 
lower  part  of  the  vessePs  stern ;  h  the  water  line. 

By  causing  the  screw  to  revolve  with  rapidity,  a  stream 
of  water  is  drawn  through  the  cylinder,  and  forced  out 
astern,  through  the  tube  g;  by  the  resistance  of  the  sur- 
rounding fluid  the  vessel  is  forced  forward.  The  patentee 
also  purposes  to  produce  the  same  effect,  by  substituting 
pumps  for  the  screw,  keeping  the  upper  parts  of  the  pump 
cylinders  below  the  water  line. 

The  inconveniences  attending  paddle-wheels  are  so  nu- 
merous, as  to  render  an  effective  substitute  for  them^  and 
free  from  their  defects,  one  of  the  greatest  desiderata  in 
steam  navigation ;  but  no  method  hitherto  proposed  has 
been  at  all  comparable  to  them  in  point  of  power.  The 
present,  or  very  similar  plans,  have  been  before  frequently 
suggested. 

In  the  commencement  of  steam  navigation,  a  Mr.  Lina- 
ker,  of  Portsmouth,  purposed  to  lay  a  pipe  along  the  bot- 
tom of  the  vessel,  with  valves  opening  towards  the  stern, 
and  to  expel  the  water  by  the  direct  action  of  the  steam, 
as  in  Savery's  engine,  instead  of  employing  pumps ;  and, 
in  1820,  Messrs.  Lilley  and  Frazer  obtained  a  patent  for 
propelling  vessels  by  means  of  pumps,  which  should  re- 
ceive water  at  the  bows  of  a  vessel,  and  diseharge  it  on  the 
quarters.  As  lt>r  the  screw,  it  has  been,  as  we  before  ob^ 
served,  frequently  purposed,  though  not  in  the  position 
chosen  by  the  patentee,  but  placed  horisontally  at  the  side 
of  the  vessel,  where,  from  the  obliquity  'with  which  it 
struck  the  water,  sufficient  speed  could  not  4>e  obtained; 
but  as  the  present  patentee,  Mr.  Hale,  says  a  tpnmp  may 
21.  3q 
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be  subatituted  for  it,  we  cannot  expect  greater  effect? 
from  it  than  from  the  plans  before  mentioned.  We  there- 
fore apprehend  that  the  present  mode  of  propelling  with 
paddlea  must  still  continue,  notwithstanding  their  radical 
defects,  and  with  merely  some  improvements  >n  their  con- 
slrurtion. 


Paient  Pn^Uing  Machinery,  by  J.  L.  Stevens,  qf  Ply- 
mouth. 1828. 

In  this  invention,  a  series  of  paddles  are  attached  to  a 
three-throw  crank,  and  by  means  of  radius  and  guiding 
rods,  they  are  made  to  describe  in  the  water  the  segment 
of  an  ellipse. 

The  6gure  represents  a  side  elevation  of  the  machinery, 
as  it  appears  in  a  paddle-box,  fixed  to  the  aide  of  a  steam 
vessel,  from  which  it  occupies  the  same  space  as  would  be 
required  by  a  commra  wheel  of  proportionate  size;  a  ia 
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the  centre  of  the  axis  of  the  crank  c  c  Cy  and  6  is  one  of 
its  bearings,  supported  on  the  side  frame  of  the  paddle- 
box;  d  d  (represented  by  two  dotted  horizontal  lines,)  is 
one  of  the  longitudinal  beams  which  support  the  other 
bearings  of  the  said  axis;  and  the  extremities  of  d  d  are 
transverse  beams  to  support  them.  In  the  paddle-box 
provision  is  made  for  the  occasional  rise  of  the  rods  g  and 
y,  if  it  be  not  thought  desirable  to  carry  the  paddle-box 
above  them ;  e  e  e  are  three  sets  of  paddles,  each  set  being 
carried  by  a  division  of  the  triple  crank,  which  revolves 
between,  and  has  its  bearings  upon  parallel  bars;  the  pad- 
dles are  directed  in  their  appropriate  motion  by  means  of 
the  guide  vodafff,  and  the  radius  rods  g  g  Qj  the  latter 
of  which  work  on  a  fixed  beam  or  centre  at  A;  1 1  t  are 
arched  spreaders,  to  keep  the  paddles  steady  and  firm ;  the 
paddles  are  marked  r,  and  are  fixed  to  vertical  bars  in  the 
ordinary  way;  the  upper  ends  of  the  bars  being  inserted 
in  sockets  cast  in  the  paddle  carriage. 

It  must  be  understood  (for  the  engraving  doies  not  show 
it,)  that  each  throw  of  the  crank  revolves  between  two 
parallel  bars,  with  its  bearings  upon  them,  and  carrying 
with  them  a  set  of  paddles.  There  are  thus  four  bearings, 
the  Innermost  of  which  is  fixed  to  the  vessel's  side,  and 
the  outer  one  on  the  frame  of  the  paddle-box.  The  circle 
of  motion  described  by  the  triple  crank  being  equally 
divided  (ISO*'  apart)  between  each  throw,  they  balance 
each  other  on  their  general  axis. 

The  inventor  does  not  confine  himself  to  this  precise 
arrangement,  as  it  may  be  deemed  desirable  to  lessen  the 
number  of  paddles  on  each  set,  give  them  greater  depth, 
and  increase  their  stroke  in  the  water,  by  shortening  the 
guiding  bars  /;  by  which  the  weight  and  expense  of  the 
machinery  would  be  greatly  reduced. 

Among  the  advantages  presumed  to  be  obtained  by  this 
very  ingenious  invention  over  the  common  wheel,  the  fol* 
lowing  are  mentioned  as  the  most  prominent : — 

The  inventor^s  paddles  work  nearly  in  a  vertical  position, 
due  allowance  being  made  for  the  impetus  of  the  vessel,  and 
thereby  save  the  power  that  is  now  consumed  by  the  de« 
acending  and  ascending  paddles  on  the  common  wheel* 
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From  the  peculiarity  of  tfaeir  motiofij  describing  in  tke 
water  a  segment  of  an  ellips^^  apd  not  that  of  a  circle^  hk 
paddles  may  be  considerably  deepened,  and  the  length  of 
their  stroke  increased,  so  that,  occupying  an  equal  space 
from  the  vessel's  side  as  the  paddle^  pn  the  common  wheel, 
their  application  of  power  is  greater  and  in  a  much  better 
direction,  avoiding  much  of  the  unpleasant  vibration,  and 
consequent  wear  and  tear  in  the  vessels  and  engines;  and 
also  the  back-water,  which  is  dangerous  to  boats,  and  has 
hitherto  been  the  chief  obstacle  to  the  introduction  of 
steam  vessels  upon  canals. 

The  patentee  also  calculates  upon  a  great  reduction 
of  friction,  and  consequent  durability  and  comparative 
cheapness;  greater  simplicity  of  construction,  allowing 
of  repair,  unshipping  and  replacing  at  sea,  besides  admits 
ting  of  the  paddles  being  kept  clear  of  the  water,  when 
using  her  sails  only ;  the  machinery  being  easily  taken  to 
pieces,  and  packed  in  a  small  space,  additional  sets  may- 
be conveniently  taken  on  long  voyages;  an  accident 
occurring  to  one  set  (on  either  side,)  it  may  be  disen- 
gaged, and  the  others  worked  until  it  is  made  ready  for 
use. 

That  Captain  Ross,  R.N.  author  of  a.  work  recently 
published  on  Steam  Navigation,  entertains  a  favourablo 
opinion  of  this  invention,  will  appear  by  the  following 
extract  from  a  letter  addressed  to  the  patentee  by  the 
scientific  navigator. 

^^  I  have  no  hesitation  in  declaring,  that  it  appears  to 
possess  very  considerable  superiority  over  all  the  methods 
which  have  hitherto  been  adopted.  In  theory,  it  is  per- 
fectly  accordant  with  philosophical  and  mathematical 
laws,  and  I  have  no  doubt  that  in  practice  it  will  be 
found  no  less  consistent.' ' 

The  advantage  of  placing  so  many  paddles  upon  each 
throw  of  the  crank,  we  cannot  discover;  very  little  addi- 
tional resistance  can  be  gained  by  it,  while  it  introduces 
complexity,  increased  expense,  and  various  inconve- 
niences. The  invention  is  in  other  respects  valuable,  as, 
by  the  mode  of  the  paddles  entering  and  quitting  the 
water  nearly  perpendicularly,  the  power  of  the  engine  is 
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not  wasted  by  the  resistance  of  the  water  m  the  wrong 
direction  to  the  impelling  force. 

Since  the  foregoing  was  prepared  for  the  press,  several 
experiments  have  been  made  with  Mr.  Stevens's  apparatus, 
on  the  City  Canal,  and  elsewhere,  with  the  most  gratifying 
success ;  the  paddles  entering  the  water  in  the  most  gentle 
manner,  and  causing  no  more  ripple  in  leaving  it  than  oars 
would  do;  whilst  a  common  paddle-wheel,  which  had 
been  fixed  to  one  side  of  the  boat,  to  contrast  with  the  im- 
proved paddle,  threw  the  water  over  the  boat's  gunwale. 
The  area  of  the  surfaces  of  both  the  paddles  were  alike, 
yet  the  superior  effect  obtained  by  the  application  of  the 
power  to  Mr.  Stevens's,  was  proved  by  its  turning  the  ves* 
sel  round  when  the  helm  was  let  go,  that  is,  making  the 
external  circle,  and  the  common  paddle  the  internal  one. 

Propelling  Apparatus  for  Steam  Boats,  by  Mr.  Jonathan 
Dickson,  of  Holland  Street,  Blackfriars. 

A  few  years  ago,  the  above-mentioned  person  intro- 
duced to  the  notice  of  the  Society  of  Arts,  a  method  of 
raising  and  lowering  the  propelling  apparatus  of  steam 
boats,  without  stopping  the  engine  or  any  part  of  the 
machinery,  and  thereby  allowing  them  to  enter  at  plea- 
sure just  so  deep  into  the  water  as  may  be  found  necessary 
for  propelling  the  vessel  at  its  intended  velocity.  This 
he  accomplished  by  means  of  a  sun  and  planet  wheel  mo- 
tion being  given  to  the  second  motion  of  the  machinery, 
which  causes  it  to  move  partly  round  the  first  motion,  or 
driving  power. 

It  was  considered  that  this  contrivance  would  be  found 
of  great  utility  in  those  steam  vessels  that  carried  sails, 
and  afibrd  to  such  the  means  of  going  to  sea;  for  instance, 
suppose  a  steam  vessel  to  be  going  direct  against  the  wind 
by  means  of  the  whole  power  of  her  steam  engine,  and 
tbttt  the  wind  should  change  and  become  favourable^  the 
propellers  may  by  these  means  be  inunediately  raised  out 
of  the  water,  and  the  vessel  allowed  to  have  the  full  effect 
of  the  saib,  thereby  saving  the  expense  of  fuel.  The  im« 
pediment  of  the  paddle-wheels,  to  vessels  of  the  ordinary 
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construction,  is  auch  as  to  render  sails  rather  an  incum- 
brance than  an  appendage  of  utility.  Another  advantage 
appeared  to  resiult  from  Mr.  Dickson's  invention,  when 
there  might  be  only  a  gentle  breeze  in  the  vessel's  favour, 
as  the  propellere  might  be  set  to  work  so  as  to  take  hold 
of  the  water  at  pleasure;  and-  thus,  by  uniting  the  power 
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of  the  Wind  to  that  of  the  steam,  make  greater  progress  In 
a  given  time,  and  at  much  less  expense,  as  the  engine  will 
only  consume  fuel  in  proportion  to  the  labour  it  has  to 
perform.  A  further  advantage  would  be  derived  when 
the  vessel  has  only  a  side-wind,  as  one  of  the  propelling 
wheels  could  be  worked  with  its  full  power  in  the  water, 
and  the  other  lifted  out,  if  necessary,  (still  the  whole 
might  be  kept  in  motion,  and  thereby  the  direct  course  of 
the  vessel  be  maintained) ;  and  if  a  vessel  should  lose  her 
rudder,  it  is  obvious  she  might  be  steered  by  the  varied 
action  of  her  paddle-wheels.  In  navigation,  critical  cir- 
cumstances sometimes  arise,  wherein  a  sudden  tack  will 
save  a  vessel  from  destruction,  which  this  vessel  seems  well 
calculated  to  perform,  as  she  could  be  made  to  turn  nearly 
upon  the  centre  of  gravity. 

The  figure  represents  a  transverse  section  of  the  boat ; 
1  1  the  sides  of  the  vessel ;  2  2  the  float-wheels,  impelled 
by  the  engine  acting  on  their  shafts  A  B,  which  have 
upon  each  a  toothed  wheel,  that  acts  upon  other  toothed 
wheels  fixed  on  the  axis  of  the  float-wheels. 

Each  float-wheel  is  hung  on  a  pair  of  levers  3  3,  turn- 
ing on  centres  that  are  coincident  with  the  axis  of  the 
first-mentioned  toothed  wheels ;  so  that,  although  the 
levers  are  elevated  at  one  end,  and  with  them  the  float- 
wheels,  yet  the  relative  distances  of  the  two  toothed 
wheels  are  preserved ;  the  one  having  what  is  called  a 
planetary  motion  round  the  other.  The  left-hand  float- 
wheel  in  the  figure  is  shown  dipping  into  the  water,  while 
that  on  the  right  hand  is  lifted  out  of  it,  by  the  action  of 
the  winch  e,  which  communicates  motion  through  two 
small  wheels  and  pinions  to  the  barrel  4  4,  on  which  are 
coiled  the  chains  attached  to  the  ends  of  the  levers  3  3. 

Propelling  ApparahiSy  by  John  Melvilley  Esq*  qf  Upper 

Barley  Street.    1829. 

These  improvements  are  intended  to  apply  to  the  pro- 
pelling of  vessels  by  steam  or  other  power,  in  a  direct 
line,  in  such  a  manner  that  the  propelling  apparatus  shaU 
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:be  little  or  do  impedtmcoit  to  the  progress  of  the  jressel 
wben  under  sail;  thereby  obtaining  the  advantiagfis  of 
iDotion^  either  by  4he  use  of  sails  or  steam  power. 

The  patentee  has  three  methods  of  effecting  this.obje^it, 
which  he  purposeb  to  use  jointly  in  pairs,  or  (4e\erally^  us 


I 
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« 

circumstances,  connected  with  the  size,  form,  and  stowage 
of  the  vessel,  may  render  most  advantageous. 

The  method  which  he  first  describes,  and  therefore  de« 
nominates  his  first  method,  consists  in  placing  on  each  side 
of  the  vessel  two  pair  of  folding  paddles,  represented  by 
a  a,  fig.  1 ;  the  other  two  pairs  being  precisely  similar, 
but  situated  on  the  farther  side  of  the  vessel.  These 
folding  paddles  are  made  of  any  suitable  material, 
metal  or  wood,  and  of  a  size  proportionate  to  the  size 
and  required  speed  of  the  vessel.  The  paddles  are  so 
attached  by  hinged  joints  to  the  prolonged  axes,  6,  of  the 
traversing  frames,  that  they  fold  or  shut  up,  and  present 
only  the  sharp  edges  of  their  hinges  to  the  water,  when 
moving  forward,  or  from  stern  to  stem ;  and  open,  or  ex- 
pose a  large  surface  to  the  water  when  moving  back- 
wards, or  from  stem  to  stern;  being  prevented  by  the 
stops  from  expanding  beyond  any  assigned  augle,  as  14d°« 
The  traversing  frames  are  keot  to  the  side  of  the  vessel 
by  grooved  guides  g  h.  These  paddle  frames  are  furnished 
with  friction  rollers  1 1,  at  their  ends,  and  at  their  mid** 
dies,  to  keep  them  steady,  and  to  facilitate  their  motion 
in  the  guides.  The  upper  parts  of  the  paddle  frames  con* 
sist  of  racks,  which  are  acted  upon  by  the  toothed  wheels 
shown,  the  axes  of  which  pass  through  the  vessel,  and 
terminate  in  similar  wheels,  which  act  upon  traversing 
racks  on  the  opposite  side  of  the  vessel.  To  the  piston 
rod  of  the  steam  engine,  whose  cylinder  (which  may  be 
either  situated  above  or  below  the  plane  of  the  axes)  is 
placed  in  a  position  somewhat  inclined,  as  represented  by 
dots,  is  attached  a  rod  which  passes  under  a  pinion  on  the 
axis  of  one  pair  of  the  wheels,  and  over  a  pinion  on  the 
axis  of  the  other  pair  of  whe&Js,  and  vice  versa.  The 
parts  of  the  rod  passing  under  the  one  and  over  the  other 
of  these  pinions,  and  thus,  by  the  alternating  motion  of 
the  piston  of  the  engine,  cause  one  pair  of  the  paddles  to 
-move  forwards,  while  the  other  pair  are  moving  backward.^ 
by  which  one  pair  of  the  paddles  on  each  side  are  kept  cou- 
tinually  in  action.  The  paddle  stems  or  axes  are  attachejl 
'by  stop  hinges  to  the  upper  part  of  the  paddle  frames, 

21.  3e 
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and  to  the  lower  part  by  screw  bolts,  to  fix  them  wlien  in 
use ;  by  this  arrangement,  the  paddles  can  be  unshipped^ 
^nd  removed  from  the  side  oF  the  vessel,  whenever  tbe 
state  of  the  wind  renders  their  application  uniieeeflsary. 

The  second  method  consists  in  attaching;  similar  foldini; 
paddles  to  the  ends  of  two  or  more  rods  projectiiif^ 
through  stuffing-boxeS)  under  the  water  line,  in  the  stern 
t)f  the  vesseL  These  projecting  rods,  represented  hy  k  tj 
fig.  2,  made  of  metal,  and  turned  cylindrically,  are  c(ki- 
nected  with  the  piston  of  a  steam  engine,  through  racks 
and  pinions,  in  a  manner  similar  to  the  connexion  of  the 
paddle  frames  before  described.  The  intention  of  the 
wheel  and  pinion,  the  former  acting  on  the  racks  atm- 
nected  with  the  projecting  rods,  and  the  latter  bemf; 
acted  upon  by  the  rack  connected  with  the  eiigint;  piston, 
liecomes  necessary  to  obtain  a  greater  velocity  in  the  pad- 
dle than  could  be  given  to  the  piston  of  a  steam  engine. 
The  projecting  rods  have  rule  joints  at  the  extremities 
nearest  the  vessel.  When  one  of  the  screw  bolts  is  with- 
drawn, and  the  rods  being  detached  from  the  rack,  then 
pushed  out  beyond  the  usual  extent,  and  the  end  to  which 
th^  paddle  is  attached  elevated  to  admit  of  the  paddle 
being  easily  detached,  the  rod  is  to  be  let  down  and  with- 
drawn, till  it  is  all  within  the  vessel,  except  its  end,  which 
teust  be  left  in  the  hole  or  stuffing-box,  to  prevent  leak- 
age ;  so  that  with  this  application  there  need  be  no  ex- 
terior appendages,  except  when  the  paddles  are  in  action. 
Fig.  S,  is  explanatory  of  this  operation. 

The  third  method  consists  in  employing  a  dooUe-acliiig 
pump,  represented  by  a  6,  fig.  4,  which  receives  the  water 
by  the  supply  fiipes  c  d,  furnished  with  valves  v  v,  opeoiog 
inwards,  and  conveyed  through  the  pipes  t  ib,  to  the  air 
vessel  A,  where  the  valves  t;  v,  prevent  its  return ;  and  it  is 
then  discharged,  with  increased  velocity,  through  the 
eduction  pipes  / 9,  whose  apertures  at  tiie  stern  of  the 
vessel  are  diminished  in  proportion  to  the  velocity  re- 
quired, and  have  the  form  best  adapted  for  the  dischaige 
of  fluids. 

The  piston  rod  of  the  pump,  which  passes  through  a 
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stiaCng*box  at  each  end  of  the  cylinder,  is  coaiiected  with 
the  piston  rod  of  the  steam  engine,  the  cylinder  of  which 
is  in  a  position  parallel  with  that  of  the  pumps.  Supposing 
the  pump  piston  moving  in  the  diriection  from  a  to  ft,  the 
water  will  be  received  into  the  cylinder  through  the  sup* 
ply  pipe  €y  and  the  water,  which  had  been  previously 
Admitted  into  the  cylinder  through  the  pipe  d,  is  forced 
through  the  pipe  k  into  the  air  vessel,  and  thence  through 
the  eduction  pipes* 

Th^  patentee  states,  that  being  aware  that  attempts 
bad  been  made  by  others  to  apply  folding  paddles,  as  well 
as  the  issue  of  water  through  pipes,  he  does  not  claim  the 
exclusive  use  of  these  means,  but  simply  his  improvements 
in  the  employment  of  them,  which  wc  have  described. 

Propelling  PofldleSy  by  Orlando  H.  Williams,  of  Glouces' 

ier.    1829. 

This  inventor  appears  to  have  two  objects  in  view  : — 
first,  to  have  the  means  of  increasing  or  diminishing  the 
surface  of  the  paddles,  according  to  the  depth  of  the  ves- 
sel in  the  water;  and,  secondly,  to  have  the  means  of 
making  them  enter  and  leave  the  water  edgeways.  The 
first  of  these  objects  he  purposes  to  accomplish  by  the  ap- 
plication of  the  introduction  of  double  leaves  to  the  pad- 
dles, which  are  attached  by  bolts  to  projecting  arms  or 
radii  from  the  paddle-wheel,  so  that  one  of  the  leaves  may 
be  shifted  beyond  the  other,  when  more  surface  is  re* 
quired;  and  the  second,  by  causing  the  paddle  arms, 
through  the  medium  of  cams  fixed  upon  them,  and  acting 
on  projections  fixed  on  the  side  of  the  vessel,  to  turn  so 
that  their  broad  surfaces  may  in  succession  be  made  to  act 
on  the  water,  when  completely  immersed  in  it,  or  during 
about  one-sixth  part  of  their  revolution. 

Propelling  Paddles,  by  Archibald  Robinson^  of  lAverpooL 

1829. 

This  arnuigement  consists  in  placing  the  floats  on  the 
paddle-wheels,  so  that  they  may  make,  with  the  plana  in 
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\vfaich  the  wheel  turns;  an  angle,  varying  from  40  to  70 
degrees,  according  to  the  extent  of  the  paddle  surface 
required;  but  it  is  preferred,  under  ordinary  circum* 
stances,  to  place  them  at  an  angle  of  45  degrees.  The 
exterior  edge  of  the  vanes  slope  back,  or  towards  the 
stern  of  the  vessel  on  each  side;  and  thus,  though  they  act 
upon  the  water  obliquely,  the  oblique  action  of  the  ooe 
will  counteract  that  of  (he  other,  and  their  united  ten- 
dency will  be  to  propel  the  vessel  right  a-head.  Mr.  Ro« 
binson  considere,  that  by  this  arrangement  he  will  obviate 
the  inconvenience  and  waste  of  power  arising  from  the 
7iolent  action  of  paddle-wheels  of  the  usual  construction; 
The  same'  inventor  claims  in  his  specification,  an  i]ii« 
proved  method  of  raising  and  lowering,  at  pleasure,  the 
paddle-wheels  in  the  water,  which  he  purposes  to  accom- 
plish by  attaching  them  to  frames,  whose  ends  are  sup- 
ported by  chains  passing  over  pulleys,  and  supported  by 
counterpoises,  so  that  the  paddle-wheels,  which  are  turned 
by  spur-wheels  fixed  on  the  main  axis,  taking  into  similar 
spur-wheels  fixed  on  their  own  axis,  may  be  raised  or 
lowered  with  any  power  sufficient  to  overcome  the 
friction. 

Propelling  Apparatus^  by  Francis  Neale^  of  Ohmcesttr. 

1829. 

Mr.  Neale  proposes  the  application  of  hinged  paddles, 
attached  to  a  reciprocating  frame,  so  as  to  fold  upwards, 
or  assume  a  horizontal  position  when  moving  forwards, 
and  fold  down  or  assume  a  vertical  position,  by  which 
their  flat  surfaces  act  upon  the  water  when  moving  back- 
wards. The  frame  is  made  to  traverse  by  a  crank,  acting 
upon  a  system  of  levers,  similar  to  that  called  the  lazy- 
tongs,  with  the  addition  of  stays,  on  the  principle  of  the 
radius  rods  of  the  series  of  levers  used  to  produce  parallel 
motion  in  the  pistons  of  steam  engines. 

The  foregoing  patent  has  a  great  similarity  to  a  sug- 
gestion by  an  anonymous  correspondent^  inserted  pre- 
viously, in  the  Journal  of  Patent  loventions,  No»  63«r 
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The  foUowio^  eat   will  serve,   in    a    degree,   tb   ilkiv* 
trftie  ttoth. 


The  writer  states  that  he  was  led  to  devise  this  mode  of 

propelling,  by  observing  the  powerful  action  of  a  fish's 
tail ;  it  is  thus  described : — 

"The  piston  of  the  engine  beinf;  attached  to  the  rod  A, 
will  alternately  open  and  shut  a  series  of  sliding  sub< 
marine  fins  or  fans,  which  may  be  variously  constructed, 
and  placed  either  at  the  sides,  or  bow  and  stern  of  a  ves- 
sel, keeping  up  a  constant  pressure  upon  (be  water,  and  a 
consequent  motion  of  the  vessel  forward,  without  back> 
water  or  splashing." 

Patent  Propellituf  Apparatus,  by  Mr.  E.  Galhivay.  1829. 

The  proposed  improvement  we  have  now  to  describe  is 
an  invention  of  the  author  of  the  first  part  of  this  work. 
The  object  of  it  is  similar  to  most  of  its  precursors, — that 
of  providing  a  remedy  for  the  loss  of  power,  and  other 
inconveniences  arising  from  the  oblique  position  in  which 
the  float-boards  of  the  common  paddle-wheels  enter  and 
leave  the  water.  This  he  purposes  to  effect  by  causing 
each  float-board  to  turn,  or  rather  vibrate  on  an  axis,  at 
its  edge,  next  the  centre  of  the  paddle-wheel,  through  the 
medium  of  projecting  levers,  firmly  fixed  to  the  float- 
boards,  at  their  axis  of  motion,  sod  connecting  rods  pro- 
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ceeding'  from  the  extr«raitiea  of  these  lerera,  to  the  extiv- 

mity  of  a  fixed  crank,  adjustable  at  a  givea  distance  fron 
the  centre  of  motion  of  the  paddle-wheel,  which  consiglv 
of  four  radiating  arms,  connected  at  their  extremities  by 
strengthening  braces. 

The  annexed  engraving  will  afford  an  idea  of  the  lead- 
ing features  of  the  apparatus ;  but  we  understand  it  differs, 
in  some  respects,  from  that  aetnatly  employed  by  Mr. 
Galloway  in  the  Confiance,  Governsient  Steam  Boat, 
which  is  now  being  fitted  with  paddles  on  this  principle. 


bh  repreeent  four  arms  radintinfT  from  a  central  axis,  the 
«vtfemitiesof  which  e«,  are  couected  by  bracing  rods  from 
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otieto  the  other ;  €€,  are  tbe  paddles,  firmly  £xeG  le  whkik 
are  the  lerers,  ddj  ferming;  an^^les  of  a/bout  120  degrees 
mrith  each  other,  and  turniag  together -an  axesat-e^;^ 
represents  the  water  line  ;  g  is  tiw  orank,  ized  centrally 
to  the  axis  of  the  wheel,  bat  so  as  not  to  revolTewith  it% 
this  crank  is  alterable  at  pleas«ire,  by  means  of  a  set  screw^ 
which  causes  the  paddles,  tfarMigh  themedrym  of  the  eon*^ 
necting  rods  ttt,  to  take  sndi  an  «Dgle  with  the  water 
line,  as  may  be  deemed  most  desirable  for  propcHing ;  the 
rods  f,  however,  are  connected  to  a  rerolWng  collar  on 
the  crank,  which  allows  of  their  free  rotary  motion,  while  it 
draws  the  paddles  uniformly  into  the  positions  shewn  in 
the  engraving,  when  the  arm  of  the  crank  is  set  in  a  hori* 
Eontal  position,  as  represented.  The  dotted  lines  shew 
the  position  the  paddles  assume  in  the  intermediate  parts 
of  thetr  revolution,  or  the  relative  position  they  would 
take,  if  there  were  eight  paddles  attached  to  the  wheel. 

Poolers  Patent  Steam  Boat  Paddles.  1829. 

Owing  to  the  great  surge  occasioned  by  the  action  of  the 
common  paddle-wheels,  the  application  of  steam  power^ 
for  propelling  boats  on  canals  and  narrow  rivers^  has 
hitherto  generally  failed  of  success.  On  the  river  Witham, 
in  Lincolnshire,  however,  three  steam  boats  are  worked 
by  Mr.  Poole's  paddle-wheels,  with  great  advantage  ;  as 
the  action  of  the  paddies  is  such,  as  to  cause  no  sensible 
additional  swell  of  the  water,  beyond  that  produced  by 
Bailing  boats,  «t  the  same  speed.  The  following  descrip- 
tion of  the  appamtus  is  extracted  from  a  letter  received 
by  (he  author,  from  Mr.  Merryweatber,  of  Lincoln  Castle. 

^^  The  wheel  is  a  common  one,  to  be  suited  to  the  size 
of  the  vessel  it  may  be  designed  for,  except  that  the  float 
or  paddle  is  not  fixed  to  the  radii,  but  vibrates  on  its  axis 
in  the  rims  of  the  wheel.  On  the  side  of  the  vessel  is 
placed,  very  seeurefy,  two  concentric  circles  of  iron,  placed 
vertically  edgeways,  with  a  space  of  about  one  inch  and 
a  half  between  them,  forming  thereby  what  may  be  cal- 
led a  rait-road,  on  the  side  of  the  vessel  for  a  guide-pin, 
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fixed  OR;  the  end  of  a  lever,  attached  to  the  paddle  axle  to 
travel  in.  The  concentric  circles  before  mentioned,  are 
)>laced  eccentric  to  the  axle  of  the  wheel,  and  the  paddles 
are  thereby  carried  round,  so  as  to  enter  and  leave  the 
W^ter  in  such  angles  as  to  avoid  the  splash  at  entering^ 
and  the  lift  at  coming  out.  This  wheel  allows  advan* 
tageously  of  a  deeper  immersion  in  the  water  than  the 
radial  paddle,  obtaining  a  greater  power  by  being  brought  to 
a  leverage  on  a  denser  medium  than  the  surface  water,  and 
thereby  adding  most  materially  to  the  propelling  power 
of  the  wheel ;  it  is  equally  efficacious  in  its  back  stroke* 
It  should  seem,  however,  that  one-third  of  the  diameter 
of  the  wheel,  from  present  experience,  is  the  best  dip,  and 
as  this  may  allow  of  the  lowering  of  the  main  axle,  and 
probably  the  reducing  of  the  wheel,  in  consequence  of 
the  greater  extent  of  piddle  surface  that  can  be  em- 
ployed, the  paddle  boxes  may  be  considerably  lowered. 
The  angle  formed  by  Mr.  Poole's  arrangement,  we  know 
has  been  obtained  before  by  Mr.  Steenstrups,  Mr.  Old- 
ham, and  others ;  but  it  has  hitherto  been  the  result  of 
intricate  trains  of  wheels,  endless  chains,  &c.  &c. ;  the 
expense  of  making  which,  the  loss  by  friction,  the  liability 
to  injury,  and  the  difficulty  of  reparation  in  complex  ma- 
chinery, are  very  sufficient  reasons  why  their  inventions 
have  not  been  carried  into  practice.  The  same  beneficial 
angle,  however,  is  got  by  Mr.  Poole's  eccentric  rail-road, 
and  is  obtained  by  a  mere  lever  connecting  the  paddle 
axis  and  the  rail-road,  which  is  traversed,  as  the  wheel  is 
driven  roui|d  by  a  guide  pin,  at  right  angles  to  the  end  of 
the  lever;  and  to  prevent  the  noise,  which  was  found  to 
proceed  from  friction  wheels,  pieces  of  thick  sole  leather, 
cut  round,  with  a  hole  in  the  centre,  are  kept  upon  the 
guide  pin,  and  screwed  together  upon  it^  so  tight  and 
hard,  as  to  bear  the  friction  of  the  rail-road  circles,  with- 
out injury,  for  a  great  length  of  time,  and  which  qdlckly 
assume  a  hardness  and  polish  with  use,  that  will  alMost 
defy  wear.  This  is  a  subject  in  which  I  am  much  in- 
terested, being  one  of  the  Committee  of  Management  of 
the  River  Witham,  who  are  most  anxious  to  give  every 
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fecility  in  their  power  to  steam  ve^els  navigating  the 
Witham,  though  they  arc  compelled,  from  the  present 
stiriicture  of  the  vessels,  to  limit  the  rate  of  speed  to  4} 
milea  per  hour,  in  the  first  nine  miles  from  Lincoln,  for 
fear  of  injury  to  the  banks,  in  consequence  of  the  reduced 
scale  of  that  part  of  the  river. 


DetcHptUm  (tf  Steam  Vessels  navigating  the  River  Witkam.* 


abcdef,  a.'i  shown  in  the  engraving  in  the  subse- 
quent page,  are  the  paddles,  which  turn  round  upon  their 
axes  as  the  large  wheel,  to  which  they  are  applied,  re- 
volves, hhhhhh,  are  tie  rods  to  the  two  sides  of  the 
wheel.  1 1  j  i,  are  the  concentric  rin^  with  an  opening 
or  groove  between  them,  which  forms  the  path  or  railway 
for  the  cranked  arms,  k  kk,Xo  travel  in.  The  centre  of 
the  guide  rings  or  railway  being  eccentric  to  that  of  the 
wheel,  causes  the  paddles  to  assume  the  positions  repre- 


•  The  average  •peed  in  the  above  Table  muet  not  bs  looked 
upon  as  what  only  can  be  accomplUheH,  the  {iniiV  of  ipeirl,  before 
mentioned,  being  the  oi^caiion  or  it.  In  the  lower  part  of  the  rirer, 
where  the  width  ii  from  90  to  100  feet  ai  anrface,  and  leven  to  ten 
feet  deep,  the  CounteMt  of  W»rwtek  can  go  eighl  miUt  per  )ioiir  well, 
on  itiU  ipaler.  The  Wiliam,  when  put  down  by  loading  to  four  feet, 
which  shu  has  been,  goes  surprisingly  better;  thereby  ohowing  the 
advantage  derived  by  a  deeper  leverage.  The  consumption  of  coals 
stated,  is  in  going  down  to  Boston  one  day,  and  returning  the  aesl. 

22.  3, 
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aented,  wbich  are  found  to  be  best  adapted  to  the  motion 
of  the  vessel.  The  paddle  c,  is  supposed  to  be  just  dip- 
pia|^  into  the  water,  while  d  is  deepljr  immersed,  and  e  is 
just  emerging  from  the  water. 

Fig.  2,  gives  an  underside  perspective  view  of  a  paddle 

separately,  k  being  the  cranked  arm,  connected  at  one  end 

to  the  axis  a,  and  at  the  other  to  the  anti'friction  roller 

.  before  mentioned,  Which  travels  in  the  groove  of  the 

railway. 

Patent  PropeUmgApparatu$t  by  Mr.  JaaA  Perkins.  1829. 

On  the  same  day  as  the  last-described  invention  was 
enrolled,  Mr.  Perkins  deposited  his  specification  of  the 
following  mode  of  propelling,  which  is  materially  different 
from  all  others  that  have  preceded  it.  Mr.  Perkins  places 
each  of  bis  paddlea  on  the  extremity  of  a  radiating  arm, 
in  such  a  position  that  its  plane,  if  produced  towards  the 
centre  of  motion,  would  make  with  the  axis  of  the  paddle- 
wheel  an  angle  of  46  degrees.    The  axes  of  the  paddle- 
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wheels  are  not  carried  across  the  vessel  in  the  customary 
manner,  but  are  carried  in  a  direction  sloping  towards  the 
stern,  and  they  meet  at  a  point  in  a  straight  line,  drawn 
from  stem  to  stem  along  the  middle  of  the  vessel,  making 
with  it  an  angle  of  45  degrees,  and  with  each  other  an 
angle  of  90  degrees.  On  the  extremities  of  the  axes  are 
fixed  bevel-wheels,  which  act  upon  each  other,  or  are 
both  acted  upon  by  an  intermediate  bevel-wheel  in  con- 
nexion with  the  steam  engine,  or  first  mover. 

By  this  arrangement,  the  surface  of  each  paddle,  when 
immersed  in  the  water  at  its  greatest  depth,  is  perpendi- 
cular to  the  side  of  the  vessel,  or  to  the  line  of  motion,  as 
represented  at  c,  fig.  1,  in  the  annexed  cut;  at  their 
greatiest  elevation,  each  paddle  is  parallel  to  the  line  of 
motion,  as  at  6 ;  and,  when  in  the  horizontal  position, 
whether  ascending  or  descending,  the  paddles  present  an 
angle  of  about  45  degrees;  and  from  this  angle  it  de- 
viates but  little,  when  in  the  act  of  entering  pr  leaving  the 
water,  as  the  patentee  purposes  to  immerse  the  wheel  to 
about  one-fourth  of  its  diameter. 


The  diagram  fig.  2,  is  intended  to  represent  the  outline 
vinplan)  of  a  vessel  with  these  paddles  attached,    a  the 
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boat ;  b  h  the  paddle  axles,  to  which  a  uniform  motion 
is  given  by  the  engine,  through  the  medium  of  the  bevel 
gear  which  connects  them ;  c  c  are  two  of  the  paddles  im- 
mersed in  the  water,  and  in  the  act  of  propelling;  dd^etf 
and//,  are  those  paddles  which  succeed  each  other  in  the 
revolution.  The  oblique  action  of  the  blades  of  the  pad- 
dles, as  they  perform  their  revolutions,  will  be  understood 
by  reference  to  fig.  1,  before  explained,  wherein  the  pad- 
dles are  marked  by  the  same  letters  as  in  fig.  2,  to  whicb^ 
therefore,  the  observations  already  made  will  apply. 

By  this  method  of  causing  the  paddles  to  enter  and 
leave  the  water  in  an  oblique  position,  it  is  presumed 
that  the  agitation  of  the  water  will  be  very  slight,  and 
the  consequent  loss  of  power  proportionally  trifling;  and 
it  will  readily  be  j^dmitted,  that  paddles  of  this  construc- 
tion have  the  important  advantage  of  being  equally 
simple,  a  circumstance  which  will  render  them  as 
durable  as  those  of  the  ordinary  construction.  On  the 
other  hand,  it  has  been  contended,  that  a  considerable 
portion  of  the  power  employed,  is  wasted  by  the  ob- 
lique position  in  which  the  paddles  are  made  to  revolve; 
on  the  ground,  that  if  this  obliquity  ^^  were  carried  to  the 
extreme,  (and  there  can  be  no  maximum  of  effect  obtain- 
able by  limiting  it  to  45,  or  any  other  number  of  degrees,) 
it  would  entirely  prevent  the  agitation  of  the  water,  at 
the  very  moment  when  the  motion  of  the  wheels  would 
entirely  cease  to  have  any  effect  in  propelling  the  vessel.'' 

The  writer  of  this  remark  does  not  appear,  however,  to 
have  taken  into  his  consideration,  that  by  the  diminished 
resistance  of  the  water,  owing  to  the  oblique  action  of 
the  paddles,  they  will  rotate  quicker ;  the  loss  or  gain 
will  then  be  as  the  increased  friction  of  the  latter,  is  to 
the  waste  of  effect  by  the  radial  position  of  the  common 
paddles.  We  annex  an  account  of  some  experiments 
made  with  Mr.  Perkins's  paddles,  recently  published  in 
the  Journal  of  the  Franklin  Institute,  which,  if  correct, 
exhibits  the  invention  in  an  important  point  of  view. 

^^  Those  who  have  witnessed  the  Chinese  method  of  scul- 
ling«  must  be  strongly  -mpressed  with  the  superiorltv  of 
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that  over  the  Eui^opean  application  of  the  oar.  The 
action  of  Mr.  Perkinses  wheel  is  not  unlike  that  of  the 
Chinese  scull ;  in  fact,  the  only  difference  is,  that  the 
motion  of  the  scull  is  reciprocating,  that  of  the  paddle- 
wheel  in  question,  rotary ;  the  rotary  motion  being  clearly 
preferable,  inasmuch  as  the  frequent  change  of  motion  in 
the  scull,  is  so  much  waste  of  power. 

^^  Comparative  experiments  with  the  common  and  with 
the  newly-invented  wheel  alternately  used  in  the  same 
boat,  have  shown,  that,  even  at  a  shallow  dip,  the  most 
appropriate  to. the  common  wheel,  there  is  a  very  impor- 
tant gain  ^ith  the  wheel  of  Perkins.  But  when  the 
wheels  are  each  of  them  immersed  to  onerthird  of  their 
diameter^  (perhaps  an  average  dip  for  sea-going  vessels,) 
the  advantage  attending  this  newly-invented  wheel  is 
scarcely  credible. 

^^  The  experiments  alluded  to  were  made  in  the  pre- 
sence of  an  eminent  engineer,  and  were  as  follows : — a 
boat  was  propelled  by  a  weight  falling  a  certain  distance, 
attached  to  a  line  turning  an  endless  band,  running  over 
a  pulley  fixed  on  a  shaft  connecting  the  paddle-wheels. 
Two  sets  of  paddle-wheels,  one  on  the  common,  the  other 
on  Perkins's  principle,  were  put  in  succession  into  the 
boat.  The  two  sets  of  wheels  were  nearly  of  the  same 
weight,  any  little  advantage  in  this  respect  being  in  fa- 
vour of  the  common  wheel.  The  boat  moved  round  a 
basin  of  water  measuring  within  36  feet. 

"  Old  Paddles. 
"  1st  Experiment     6    rotations    2\6  feet    m  3'.40' 
Sd        do.  6}     do.  207  3.40 


Hi  423    .  7.20 

'*  New  Paddles. 
**  1st  Experiment    15|  rotations    567  feet    in  S'A6" 

2d         do.  15       do.  540  8.25 

■         »  — —  

30)  1107  16.41 

'    ^'In 'these  experiments,  the  weight  supplied  the  force 
of  9leam.     They  show  that  the  same  quantity  of  steam 
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steam  will  propel  a  boat  with  Perkins's  paddles  HOT  fe^ 
in  16'.4r',  which  with  the  common  paddles  moved  only 
423  feet  in  7' .20".  The  saving  in  fuel,  therefore,  appears 
to  be  upwards  of  three  in  five;  31  If  being  the  moiety  of 
4SS,  and  Sll  and  a  fraction  being  the  fifth  of  1 107.  Over 
and  above  the  saving  in  fuel,  these  experiments  show  an 
increased  speed  of  about  15  per  cent,  or  a  saving  in  time 
of  nine  minutes  in  an  hour.  For  16.41'  :  1107  ::  7.30'= 
486,  a  gain  of  6S  feet  on  423. 

^^  Facts  are  stubborn  things,  opposed  as  they  may  be  to 
the  theories  of  men  of  acknowledged  ability.  It  has  been 
asserted  by  certain  eminent  engineers,  that  the  common 
wheel  admits  of  but  little  improvement.  If  it  cannot  be 
demonstrated  that  much  power  is  lost  by  the  common 
wheel,  then  would  those  engineers  be  borne  out  in  their 
dictum.  But  recent  experiments,  in  England  and  Ame^ 
rica,  prove  the  loss  of  power  with  the  common  wheel  to 
be  very  much  greater  than  had  hitherto  been  imagined. 
If  the  loss  were  trifling,  could  a  single  horse,  on  a  towing 
path,  do  the  work  of  a  six  horse  engine  in  the  boat  ? 
Could  two  horses,  attached  to  the  hawser  of  a  boat  moved 
by  a  25  horse  power  engine,  neutralise  the  power  of  the 
engine,  stay  the  progress  of  the  boat,  and  occasionally 
give  her  stern  way?     These  facts,  however,  are  well 

authenticated. 

"  Engineers,  wbo  believe  m  the  perfection  of  propel- 
ling machinery  on  the  old  plan,  exulting  reply  to  these 
facts,  by  making  abstract  inquiries ;  such  as,  whether  a 
vessel  can  move  as  fast  as  tl^e  periphery  of  the  wheel  by 
which  she  is  propelled  ?— whether,  if  a  boat  move  four- 
fifths  as  fast  as  the  periphery  of  the  wheel,  it  is  not  consi- 
dered fair  speed  ?— and  then  jump  to  the  conclusion,  that 
the  whole  loss  of  power  cannot  exceed  one-fifth,  and  that, 
allowing  for  friction,  it  is  absurd  to  expect  to  save  much 
of  that  small  proportion  by  ajy  improvement.  That  this 
conclusion  is  premature,  the  following  remarks  are  in- 

tended  to  prove. 

"  Let  it  be  supposed  that  a  paddle-wheel  can  be  made 
of  such  power;  and  to  have  such  hold  on  the  wi^r,  as  to 
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move  only  one-hundredth  part  faster  at  its  periphery  than 
the  vessel  it  propels.  The  difference  in  such  case  between 
the  relative  velocity  of  the  wheel  and  the  vessel,  would 
be  as  99  to  100.  It  is  true,  the  magnitude  of  the  wheel 
would  require  steam  power  in  proportion,  and  then  the 
remedy  would  be  as  bad  as  the  disease,  but  the  case  is 
practicable.  To  suppose,  therefore,  that  the  loss  of  power 
is  only  as  the  relative  movement  of  the  wheel  and  of  the 
boat,  is  as  absurd  as  it  would  be  to  assert,  that  inasmuch 
as  the  carriage-wheel  and  its  body  move  with  equal  velo- 
city, it  matters  not  what  load  the  carriage  contains.  In  the 
one  case,  the  speed  or  draught  of  the  horses  must  be  in- 
creased, so  in  the  other  must  the  steam  power. 

^^We  will  consider  the  subject,  however,  in  a  more 
tangible  shape.  There  are  four  kinds  of  water  wheels,  of 
which  the  undershot  assimilates  more  to  the  paddle-wheel 
than  the  others;  and  the  undershot  wheel,  it  is  acknow- 
ledged, loses  two-thirds  of  its  power;  that  is  to  say,  if 
three  pounds  of  water  fall  one  foot  on  an  undershot 
wheel,  it  will  not  communicate  impetus  sufficient  to  raise 
more  than  one  pound  to  the  height  of  the  fall.  Let  us 
examine  these  data  in  three  points  of  view,  with  relation 
to  the  paddle-wheel. 

^^  1st.  The  undershot  wheel  is  propelled  by  water  de- 
scending on  it. 

^^  2dly.  The  water  so  falling  is  so  directed  as  to  strike 
the  float-boards  at  right  angles  with  their  surface. 

^^  drily.  Although  the  power  is  communicated  by  wateft* 
moving  at  a  quicker  rate  than  the  wheel,  yet  so  boon  Its  it 
has  communicated  a  portion  of  its  impetus  to  the  wheel, 
that  quantity  of  water  left  on  the  float-boArds  and  huf- 
ried  round  with  the  wheel  is  dead  weight,  and  serves  only 
to  impede  the  wheel's  velocity,  atid  so  to  diminish  its  power. 

^^  In  all  these  particulars,  the  disadvantages  attending 
the  common  paddle-wheel  are  greater  than  those  above 
described. 

^^  1st.  The  water  cannot  descend  upon  a  wheel  revolv- 
ing on  a  plane  of  water. 

$dly.  The  paddles  do  not  strike  the  water  at  right 
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angles  with  their  surface;  yet  the  impetus  given  by  the 
first  paddle  is  the  principal  power,  inasmuch  as  it  is  ex- 
erted on  undisturbed  water  all  the  others  moving  in 
water  previously  disturbed. 

^^  Sdly.  The  inert  body  of  water  between  'the  paddles, 
carried  round  by  the  wheel,  must  be  greater  than  that 
taken  up  by  the  undershot  wheel.  And,  above  all,  the 
backwater  is  far  more  considerable  with  the  paddles  than 
with  the  undershot  wheel. 

^^  Now,  if  the  loss  of  power  with  the  undershot  wheel  is 
allowed  to  be  two-thirds,  and  it  has  been  demonstrated 
that  the  loss  by  the  paddle-wheel  is  greater  than  with  the 
undershot,  the  result  of  the  experiment  herein  stated  will 
be  the  less  difficult  of  belief,  and  efforts  to  improve  the 
paddle-wheel  be  less  open  to  be  characterised  as  visionary 
and  unprofitable. 

^^  Mr.  Perkins's  improvements  remedy,  in  a  great  de- 
gree, the  losses  of  the  common  wheel,  whether  by  indirect 
action  or  by  backwater.  The  paddles  are  made  to  enter 
and  leave  the  water  edgeway ;  when  at  the  lowest  rotation 
of  the  wheel,  their  action  is  at  right  angles  with  the  keel ; 
each  paddle  enters  into  and  moves  in  water  undisturbed 
by  any  preceding  paddle ;  and  thus  every  paddle  immersed 
is  doing  service,  though  in  different  degrees,  at  the  same 
moment. 

^^  The  new  paddles  show  the  greatest  proportionate  ad- 
vantage when  one-third  and  upwards  of  their  diameter  is 
immersed.  This  degree  of  immersion  would  ordinarily 
amount  to  from  seven  to  eight  feet,  instead  of  two,  the 
advantageous  dip  for  the  common  paddle.  The  resistance 
of  water  being  so  much  greater  at  the  depth  of  eight  feet 
than  it  is  at  two,  too  much  importance  cannot  be  attached 
to  this  material  distinction  between  the  two  modes  of  pro- 
pelling— Perkins's  paddle  being  made  more  in  the  shape 
of  an  oar-blade  than  of  a  float-board. 

^^  As  Perkins's  paddles  do  not  strike  the  surface  of  the 
water  with  their  flat  sides  on  entering  it,  the  constant  tre« 
mulous  motion  experienced  in  steam  boats  will  be  obvia* 
ted.     So  violent  is  the  concussion  in  a  heavy  sea  with  the 
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common  paddle,  or  if  the  nrhe^I'  be 'much;  iitimefsed,  that 
the  destruetion  of  the  paddle,  and-  ^toii  of  the  sbafi,  or 
parts  of  th^  co'nneciiVig  gbar,'are  hbf  nnfreqb^hY*  occdr- 

Soni^  expferitfiehb  t^itlt 'thii  '^^|>9^H!uHi^^^^ 
cently  made  at  New  York,  wTiicKi'Hf?s"8iid^*w%ffeiatt€AAed 
with  satfefecfbt-y  i^fflts,- W  'a»irt4n«gaf%'includefV'ae- 
scriptioli  of4t  in'tHtt  part  bf  ofir' wort  f%6iti;;HoVev 
not  ver^  dan^uiUS  as  to  itssirttc^,  the'paftd  Be^n^'tob  nu- 
mer6d^^  aiid  ierj  liable  to  injury  ailll'  rapid  weartn^'kway, 
to  last'any  coYrsfidt^rable  ti  the.  iii  \f6AJh^t>rder.  'Nfever- 
th^leira^  should'  Mr.  He«fbr(^hif 'scicVi^cP'tfa  e^tabli^ihg 
th^it  utiltiy  or  a^ranta^e  '^vei'^ We  ;t6i6tno^Sirtie@l^  it  is 
but  rigflif'to  Yiotice,  that  MrJ  Jitnes^b4ii^sdh,"iif'George*s 
Place;  Diiblin/toolc  ont  a  pateht^lbr  'j^cKie^the  same 
invention,  more  thAn  ten  years  preViVkidy,  afdlf  SeycrrpHon 
of  which  isjgtven  in  the  forty-third  Voldtne  bf  "the  Reper- 
tory 6f  Arts,  SiBcohd  Series. 

The  revolving  motion  given  to  these' paddles  differs 
altogether  from  that  which  has  been  coiitriVed  with  a 
view  to  their  dipping  into,  and  emerging  from  the  water 
vertically.  The'  paddles,  or  backets,  in  Mr.  flfeilbrotin^s 
wheefl,  are  each' fixed  upon  an  arm  which  Hcdiates  from 
the  centre  of  the  wheel,  as  may  be  distinctly  seen  by  a  re- 
ference to  the  engraving. 

In  a  wheel  so  constructed,  the  paddles  may  be  made  to 
enter  the  'water  edgewise,  and  be  turned  so  a^  to  act  upon 
it  at'  any  point  which  may  be  preferred.  The  paddles 
which  are  out  of  the  water  are  all  feathered,  or  turned 
edgewise,  so  as  to  experience  but  little  resistancie  from 
the  wind,  and  to  require  a  very  shallow  box  or  casing  to 
protect'  them  on  each  side  of  the  boat.  A  wheel  of  this 
description  may  be  immersed  in  wate^  to  any  depth  which 
may  be  r^uired,  or  it  may  be  entirely  under  water,  where 
the  depth  is  suffibienti  should  such  a  mode  of  fixing  it  be 
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thought  advisable,  the  progresB  of  the  boat  will  be  but 
little  impeded  thereby.  .,.  ,  ^jj 

.  One  great  adyaptage  anticipated. fro.m  tJ|i(^ei|>^ddles.i8y 
the  avoiding  of  those  numerous  and  perpetual  concv^v^ 
produced  by  the  striking  of  the  water  by  the  ordinary 
floats,  which  causes  a  continued,  distressing,  and  very  in- 
jurious tremulous  motion.  They' enter  by  Iheiredge^,  and 
are  gradually  brought  into'  action.    '*  '^^ '  ' 

The  number  of  revolTing  paddles  to  be  used  will  be 
best  determinediby  experiment. 

JETigur^  1,  repife^ents  onejof  the  eaid  wheels  of  eight 
arms  or  paddles,  as  it  appears.when  in*  a  finiahed  state, 
and  as  applied  to  the  side  of  a  vessel;,  and  figure  2^  is  a 
view,  on  a  larger  scale,  of  the  central  part  of  the  said 
wheel,  as  seen,  frpm  the  opposite  side,  or  that  nearest  to 
the  vessel,  for  t)ie  purpose  of^^^howing.  ho^^t^e  padcUe* 
arms  are  held  and  aupp/^rted  in  thei^  places,  aj^dyet  per*; 
mitted  to.ta]:n4>r.fefl^her  at: the  proper  instant,  while  the* 
whol^  whefd  turnaround;  and  figui:e  3,  is  a  action  of  the 
saine  part  of  the  paddle-wheel,  as  is  show^  by  figure  2,: 
and  libewine  pf  Ih^ .  piece  G  6,  which  is  called  the  wiper 
carriage,  which  is  immoveably  fixed  to  the  side  of  the 
vessel,  for  the.  purpose  of  producing  the  turning  or  fea- 
thering of  the  paddl,e3  at  the  proper  moment.     In  these 
several  figures  A  A  A  A,  is  a  circular  disk  or  plate,  of 
cast-iron,  having  a, rim  or  ring  B  B  B,  rising  on  one  side 
to  a  sufficient  height  to  give  strength  and  solidity  to  the . 
said  circular  plate,  and  also  to  take  the  brasses  C  C  Cj 
through  which  the  paddle-arms  or  axis  JD  D  D'D.are  per- 
mitted to  turn.    The  central  blockof  metal  E,  may  be 
cast  in  one  piece  with  the  disk  or  plate,  but  will  be  better  . 
detached,  and  afterwards  fixed .  to  it  *  by  screw  bolts,  aa  * 
shown  in  the-  section,  fig«  3,  because,  when.  deti|c^ed,  the 
brass  sockets,  or  steps;a  aaa^  for  receiving  the  inner  ends 
of  the  paddle  arms  or  axis,  can  be  more  accurately  bored 
and  fixed.    The  disk  or  plate  A  A  A  A,  with  its  centre 
block  E,  forms  the  cfmtral  part  of  the  paddle-wheel, 
which  must  be  firmly  keyed,  or  otherwise  fijced  upon  the 
main  shaft  F  F^  whirh  derives  its  rotary  motion  from  any  • 
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power  applied  within  the  vessel,  and  this  shaft  also  panes 
freely  through  the  centre  of  the  metal  wiper  carriage  G, 
which  is  firmly  and  immoveably  fixed  to  the  side  of  the 
vessel,  for  the  purpose  of  operating  upon  the  wipers  or 
projections  b  b  of  the  paddle  axis,  in  order  to  produce  th<> 
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turning  or  feathering  of  the  paddles.    To  effect  this^  the 
outer  face  of  the  wip<^r  carriage  presents  two  annular 
surfaces,  as  seen  ^t  c  and  H,  in  fig.  4,  (which  is  a  front 
view  of  it,)  and  a  part  of  them  is  cut  away,  as  at  e  e,  to  a 
greater  or  less  extent,  according  to  the  period  at  which  it 
may  be  ^esirable  to  make  the  paddles  turn  or  feather. 
The  wipers  or  projections  on  the  axes  of  these  paddles^ 
are  projections  of  steel  or  other  metal,  crossing  each  other 
so  as  to  project  at  nght  angles  from  the  axes  of  the  pad* 
dies,  and  as  these  wipers  con^  into  contact  with  one  or 
other  of  th^  annular  surfaces  c  and  dj  fig.  4,  and  iJso  seen 
in  fig.  2,  the  several  paddle  axes  will  each  make  a  quarter 
turn  or  revolution.     Thus  the  five  wipers  zzzzZy  fig.  2, 
lie  with  their  flat  surfaces  upon  the  annular  surface  c  of 
the  wiper  carriages,  but  that  surface  is  cut  away  between 
e  and  e^  (as  is  more  distinctly  seen  in  fig.  4,)  and  the  inner 
annular  surface  d  then  presents  itself,  and  acts  upon  the 
wipers  z  z,  to  turn  them  round ;  consequently,  the  inner 
wipers  y  y  y,  will  now  assume  the  flat  position,  and  will 
continue  in  it,  until  they  are  again  brought,  by  the  motion 
of  the  wheel,  into  contact  with  the  ends  of  the  outer  an- 
nular surface  c.     It  will  thus  be  seen,  that  by  enlarging 
or  contracting  the  opening  6  6,  fig.  4,  and  with  it  the  inner 
annular  surface  d,  that  one,  two,  or  more,  of  the  paddles 
may  be  made  to  stand  at  right  angles  to  all  the  r^t,  and 
thus  that  any  number  of  paddles  may  be  ipfide  to  move 
through  the  air,  and  to  enter  into  and  cope  out  of  the 
water  with  their  thin  edges  forward,  while  tie  remainder, 
or  those  that  are  under  the  water,  will  remain  steadily  in 
that  position  in  which  they  are  most  effective  for  the  pur- 
pose of  propelling,  as  is  distinctly  shown  by  the  manner 
in  which  the  paddles  are  arranged  round  the  wheel,  as 
shown  by  fig.  !•     It  will  be  necessary  to  employ  springs 
to  prevent  the  blow  and  concussion,  which  would  other- 
wise take  place  between  the  wipers,  on  the  axes  of  the 
paddles,  and  the  ends  of  the  wiper  carriage,  upon  which 
they  strike,  aAd  by  which  they  are  turned  round;  and  the 
best  application  of  such  springs,  is  to  use  those  of  the 
spiral  kind,  of  considerable  strength,  and  to  introduce 
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thein  into>l*Ofiiid  holes  veiry  nearly  fittJ^  4hetii3.apd  driUed 
in  the  eodd  of  rthe  wiper  carriage  whiah  l<firsl  comte  into 
Cjontaet  witk  the  wipers.  The  spring,  being  introduced 
into  the  hole,  a  cjdinder  of  hard  ateel,  jnal  fitting;the  hole, 
is  placed  upon  it/aiid  there  fixed  by  a  pin  driven  tknungh 
a  chased  nortisb  hole  in  ihe  said  cylinder,  in  aach.a  man- 
ner that  the  said  cylinder  can  fiiU  wholly  into  the  said 
hole  when  pressed  upon,  hat  without  duch  pressore,  will 
project  about  half  an  inch,  or  rather  iaore,. out  of  the  said 
hole;  and  as  the  .said  wheels  are  so  fitted  as  tioi  requice 
cases  tp  protect  then,  as  in  ordinary  ateam  boats,  mack 
cases  may  be  formed  of  light  iron- work, ^covered  orer 
with  slight  iron  bftrs^  or  wiith  strong  wireTJiv;ork|  becallse 
such  open* woi4c  cases  do  lAtot'offbr  die.aaiHe  rasistante  to 
the  wind  a«d  water  as  closerboanded  cases  do ;  aad  nuore* 
over,  they  have  the  effect  of  miloh  tnoi^  effeetnally  break- 
ing the  force  of  the  waves  when  they  drive  agpainst  thete. 
Bars  or  rods,  with  points  upon  tibem,  are  also  fixed  to  tike 
inndes  ofsaeh  cases,  causing  the  said  points*  ta  come  as 
nearly  as  possible  to  the  paddjes  aad  paddlB-ax/ss  without 
touching  them,  for  the  purpose  of  clearing  off  any  weeds 
that  may  attach  to  the  paddles,  and  likelrise  to  protect 
them  from  striking  against  any  timber,  ice,  or  other  float- 
iq^  substances,  by  which  the  paddles  of  steam  boats  are 
frequently  broken  or  injured. 

The  claims  of  the  inventor  are,  First,  to  the  frame- work 
or  wheel,  as  abpve  described,  for  boldipg  the  patent  pad- 
dle* ^condly,  the  introduction  of  spriqgs  to  i^ct  upon 
the  wipers.  Thirdly,  the  paddle-box,  m^de  of  open  wire- 
work,  net,  or  cro9s-bars,  with  projjecting  pieces,  or  points, 
to  clear  the  paddles. 

From  the  ciiatious  wording  of  these  claims,  it  is  evident 
that  Mr.  Heilbronn  was  acquainted  with  Mr.  Dawson's 
patent  wheel.  The  latter  gentleman,  in  his  letter  to  the 
Editor  of  the  Repertory,  before  alluded  to,  says,  very 
candidly,  ^  It  has  been  fairly  objected  to  wheels  on  the 
abov«  construction,  that  they  are  expensive,  complicated, 
and  work  with  much  more  friction  than  common  wheel?,'' 
and  to  obviate  these  objections,  he  purposes  ap  arfang€- 
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ment  of  greater  eiBiplicityy  of  which  a  conception  may  be 
formed  by  the  following  description.  Each  paddle  of  this 
wheel  10  formed  oi'  two  boards,  posited  at' ar  cartain 
angle,  face  to  face,  on  their  respective  axes,. leaving  oiily 
a  space  sufficient  for  the  free  escape  of  the  watpr  between 
them ;  in  this  position  they  are  retained  by  stops  from 
opening  further.  When  the  wheel  revolves,  the  water 
acting  on-the  broad  surfaces  of  the  paddles,  causes  them  ta 
close  as  they  enter  the  water,  and  to  remain  so  until  they 
begi^  to  riseoutof  it,  when  the  weight  of  the  water  lodging 
oh  the  narrow  surface  only,  causes  them  to  open,  and  in 
consequence,  the  water  falls  through  without  being  lifted. 
We  should  have  given  a  diagram  of  this  wheel,  which 
has  the  merit  of  simplicity,- bad  it^  afforded  any  effective 
means  of  backing  asteiin ;  tile  water  presenting  scarcely 
any  reisi^tance  -to  the  backward  motioi^  of  the  paddles^ 
This  is  a  strong  ebjectibn  to  its -use:;  and^there  is  another, 
ndmely,  the  concussions  of  die  padd^le«|>elards,  as'they  suc-> 
eessively  come  in  contact  in  closing,  nn  eflfeet  not  easily 
avoided,  without  departing  firopi  simplicity^^^a  quality 
of  the  utmost  importance  in  all  machinery,  bat  most  espe^ 
cially  in  a  paddle-wheel. 

Patent  Propelling  Machinery^  by  William  HaUy  of  CoU 

Chester.     1890. 

Mr.  Hale  purposes  to  employ  a  paddle-^box  entirely 
filled  with  water,  and  made  air-tight,  except  at  the  cen- 
tre, where  there  are  one  or  more  apertures  for  the  admis- 
sion of  watery  and  at  the  circumference,  where  there  are 
one  or  more  openings  for  its  escape.  The  centrifugal 
force  of  the  paddles  acting  on  the  water  within  the  box, 
produces  a  pressure  all  round-  the  interior  of  the  box, 
nrhich  gives  a  tendency  to  move  in  a  direction  opposite  to 
/he  side  where  the  opening  is  made  in  the  circumference; 
while  the  same  cause  accelerates  the  entrance  of  the  water 
into  the  box,  which  is  produced  in  the  first  instance  by  the 
paddle-box  being  placed  within  the  vessel^  and  lower 
than  the  exterior  water. 
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Fig.  ] ,  r^Mreaente  one  modification  6i  the  apparatus, 
and  consists  of  an  air-tight  circular  casring^a  a,  containing 
four  %Tms it>^'cCy  it^hich  revoWe horizoiirtally  on  a  vertical 
axis  by  placed  eccentrically  with  respect  to  the  casing  t  at 
the  extremities  of  the  arms  are  fixed  four  curred  yanes  or 
paddles  ddddj  inclined  in  the  manner  represented  in  the 
drawing.  The  water  enters  the  casing  through  the  holes 
eeeey  and  is  expelled  by  the  revolution  of  the  paddles 
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through  the  opening^  against  tb ^  external  water  at  the 
stern,  which  of  course  i^lpelsk  the  vessel  in  a  contrary 
direction.  ''  < 

Fig.  2,  is  anothei^odificatiod  of  the  ap[$^ratus.  In  this, 
similar  letters  of/referenbe  indicatesiixiilar  parts,  with  only 
these  differenceiff'  in  the  vrangement,  (hat  the  water  is  re- 
ceived at  one  \frge  apertuV^  in  the  ceiftre  of  th^  vanes,  the 
line  of  directidn  of  the  .discharg^  "being  a  tangent  to  the 
circle.  The  dotted  lines  at  Jjf  dehote  a  tube  leading  from 
the  bottom  of  the  vessel,  through  which  the  water  ascends 
into  the  paddle-box ;  and  it  may  be  supposed,  that  similar 
tubes  are  >ia()loye4  in 'the  firsjt  described  plan,  for  con- 
ducting the  water  into  the  paddle-box. 

4notber  modification  !tf  represented  in  tne  specification, 
in  which  the  water  is  expelled  thmsmgh  two  apertures,  in- 
stead of  one;  and  it  is  stated,  that  the  paddles  maybe 
either  placed  vertically  or  horizontally,  according  to  the 
form  of  the  spac6'  which  they  are  desrigned  to  occupy  in 
the  vessel. 

It  is  difficult  to  discover  the  advantages  which  the  pa- 
tentee expects  to  gain  by  these  contrivances;  we  fear, 
that  the  power  required  to  produce  in  a  large  body  of 
water,  such  as  the  cont^iits  of  one  of  his  paddle-boxes,  a 
rotatory  motion  of  sufficient  velocity  to  produce  an  avail- 
able centrifugal  force,  would  be  too  great  to  render  the 
plan  desirable  in  point  of  economy. 

Method  of  Regulating  the  Movement  of  Steam  Vesseb^  tit- 
vented  by  Messrs.  J.  and  C.  Carmichael. 

We  shall  now  present  our  readers  with  a  description  of 
an  apparatus  wbieh  has  ^been  found' very  udefiil  in  rever- 
•ing  the  motion  of  the  propellers  io  steatn  boats. 

.  The  object  of  this  contrivttnce  (as  desertbed  hf  the 
inventors,)  is  to  regulate  the  motSbns  o0  tbs  bt>^m  vessel 
in  a  more  easy  nuuilter  thfan  heretofiM^e.  By  the  simple 
motion  of  a  small  handley  oi^  ind^x^  placeA  tan  a  table, 
upon  deck)  in  view  and  in>heiu*ing^of  the  man  at  the  helm, 
and  of  the  master  of  the  vesid,  eVery  qioveitient  whi^h 
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the  engine  is  capable  of  giving  to  the  paddle-wheel  may 
be  at  once  commanded.  The  vessel  may  be  moved  for- 
wards or  backwards,  or  may  be  retarded,  or  entirely 
stopped,  at  any  given  moment,  by  merely  turning  the 
handle  to  the  places  denoted  by  the  gradations  ofa  diat- 
plate.  No  skill  is  required  for  this  purpose;  so  that  the 
master  himself,  or  a  sailor  under  his  directions,  caa  per- 
form the  oflGce  as  well  as  the  ablest  engineer.  Thus,  the 
confusion  which  frequently  arises  at  night,  in  calling  out 
to  the  engineer  below,  is  avoided,  and  any  ambiguity, 
arising  from  the  word  of  command  being  transmitted 
through  several  persons,  entirely  prevented.  In  point  of 
feet,  it  places  the  engine  as  much  under  command  as  the 
22.  So 
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rudder  is-^-an  undoubted  improvement  upon  the  clumsy 
method  of  bawling  out  to  the  engineer  below,  who  either 
may  not  hear,  or  may  chance  to  be  out  of  the  way-— cir« 
cumstances  which  may  lead  to  the  most  serious  accidents. 

^^  The  different  parts  of  the  machinery  are  not  exactly 
arranged  in  the  sketch  as  they  are  executed  in  the  said 
boat,  but  we  hope  that  the  principle  will  be  better  under- 
stood from  having  arranged  them  so  as  they  can  be  better 
seen  in  the  sketch  prefixed.. 

^^  The  cylinder  and  jacket  are  cast  in  one  piece,  con- 
nected at  the  bottom,  but  altogether  diseennected  at  the 
top,  when  cast ;  the  vacancy  between  the  two  is  closed  at 
the  top  by  an  iron  ring,  and  hemp  or  rust  packing  in  the 
joints.  The  steam  from  the  boiler  enters  between  the 
cylinder  and  jacket,  by  the  branch  A,  fig.  I,  passes  round 
the  cylinder,  and  communicates  with  the  side  pipe  C,  of 
the  valve-chests,  by  the  branch  B,  but  cannot  enter  the 
cylinder  when  the  steam  valves  D  D,  are  8hut«  The 
eduction  valves  E  E,  are  situate  below  the  steam  valves. 

^^  The  steam  valve  rods  work  through  a  flax  packing 
at  F  F,  and  are  made  hollow,  to  all jw  the  eduction  valve 
rods  to  pass  up  the  centre  of  them ;  they  are  also  made 
air-tight  by  a  flax  packing  at  6  6. 

<<  The  valve  lifters  H  H  H  H,  are  fast  upon  the  lifting- 
rods  I  J,  only  one  of  which  can  be  properly  seen ;  the  foot 
\if  the  one  farthest  from  the  eye  is  seen  at  the  rocking  • 
shaft.  One  of  these  rods  litis  the  upper  steam  valve  and 
lower  eduction  valve,  and  the  other  the  lower  steam 
valve  and  upper  eduction  valve.  The  lower  steam  valve 
and  upper  eductioi^  valve  are  represented  as  lifted  in  the 
sketch. 

^^  The  rocking-ahaft  K,  turns  and  returns  upon  its 
centre  about  40^,  and  having  two  spanners  (or  pallets,). 
Tj,  projecting  from  it  upon  opposite  sides,  causes  the  lifter 
rods,  and  the  valves  connected  ulth  them,  to  rise  alter- 
nately»  The  lifter  rods  fall  by  their  own  weight,  and 
when  the  pallets  are  horizontal,  all  the  valv^  are  shut, 
and  for  an  instant  of  lime  are  at  rest* 

^^  The  rocking  shaft  receives  its  motion  firpm  an  eccen«> 
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^ric  wheel  M,  fastened  to  the  crank-shaft.     The  fixing  of 
his  wheel,  with  relation  to  the  crank  and  valves,  is  a 
{^oint  of  considerable  nicety,  as  upon  this  depends  the 
dpening  and  shutting  of  the  valves  at  the  propeir  time. 

^'  The  eccentric  rod  N,  is  supported  on  the  crank  shaft 
by  a  projecting  part  on  each  side  of  the  eccentric  wheel, 
turned  concentric  with  the  shaft  by  the  brass  pieces  O. 
The  four  rods  P,  pass  through  these  brass  pieces,  and 
slide  freely  in  them.  This  part  is  shown  in  the  section  at 
fig.  2,  with  part  of  the  crank  (or  paddle)  shaft,  and  the 
crank  on  one  end.  The  other  end  of  the  eccentric  rod  is 
supported  on  the  roller  Q;  and  as  the  crank  shaft  turns 
round,  the  eccentric  rod  travels  backwards  and  forwards, 
a  distance  equal  to  double  the  eccentricity  of  the  eccen* 
trie  wheel;  and'  as  the  said  rod  is  connected  with  the 
rocking  shaft  by  the  doable-ended  spanner  R  R,  on  one 
end  of  it,  consequently  the  rocking  shaft  will  travel  from 
one  extremity  of  its  arch  of  motion  to  the  other,  in  the 
same  time  that  the  crank  shaft  makes  half  a  revolution,  or 
in  the  same  time  that  the  steam  piston  travels  from  the 
top  to  the  bottom  of  the  cylinder,  or  from  the  bottom  to 
the  top.  The  steam  piston  is  represented  in  the  middle 
of  the  cylinder^  and  as  the  lower  steam  valve  and  upper 
eduction  valve  are  open,  the  piston  must  be  ascending; 
and  as  the  crank  is  connected  with  the  opposite  end  of  the 
walking  beitm  (or  lever),  the  crank  will  be  descending. 
By  the  time  that  the  piston  has  reached  the  top,  and  the 
crank  the  bottom,  the  rocking  shaft  will  be  in  that  posi- 
tion where  the  pallets  upon  it  afe  horizontal,  and,  of 
course,  all  the  valves  will  be  shut.  But  the  momentum 
of  the  paddle  (or  fly)  wheel  carries  on  the  motion,  and 
immediately  the  two  valves  that  were  formerly  shut,  viz. 
the  upper  steam  valve  and  lower  eduction  vAlve,  ere 
opened,  and  the  steam  presses  down  the  piston  with  a 
force  equal  to  the  difference  between  its  own  elasticity 
and  the  elasticity  of  the  uncondensed  vapours  below  the 
piston.  Thus  the  engines  will  continue  to  go,  and  the 
paddle-wheel  to  turn,  in  the  direction  of  the  dat*t. 

^^  But  that  we  may  endeavour  to  explain  to  you  the 
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method  of  stopping  or  rerersing  the  motion  of  the  paddle- 
wheel,  all  that  is  necessary  is  to  shut  all  the  valves ;  and 
this  is  effected  by  disengaging  the  eccentric  rod  from  the 
spanner  of  the  rocking  shaft,  and  the  valves  all  shut  of 
their  own  accord,  by  the  weight  of  the  valves,  lifter  rods, 
&c.,  and  the  engine  will  stand;  and  to  set  t-he  engine^ 
a-going,  either  the  one  way  or  the  other,  is  to  lower  the 
eccentric  rod,  to  take  hold  of  the  double-ended  spanner 
on  the  end  of  the  rocking  shaft^  as  represented  on  the 
sketch,  and  then  the  paddle-wheel  will  move  in  the  direc- 
tion of  the  dart,  or  lift  the  eccentric  rod  to  the  top  of  the 
spanner  on  the  rocking  shaft,  and  then  the  paddle-wheel 
will  move  in  the  opposite  direction.  The  use  of  the  secr 
tor-formed  appendages  T,  on  the  end  of  the  eccentric  rod, 
is  to  conduct  the  pins  on  the  ends  of  the  double-ended 
spanner  into  the  notches  adapted  for  them  on  each  side  of 
the  eccentric  rod. 

^^  The  hand-gearing,  for  starting  or  stopping  the 
engines,  is  situated  upon  the  deck  of  the  boat,  and  all 
concentrated  upon  the  top  of  a  small  table,  in  view  and  in 
hearing  of  the  man  at  the  helm,  or  the  master,  who  directs 
both,  when  coming  to  the  quay. 

^M,  a  double-ended  handle,  which  is  upon  the  upright 
shaft  2,  on  the  lower  end  of  which  is  a  bevel  wheel  3^ 
working  into  another  wheel  4 ;  this  wheel  is  on  a  lying 
shaft,  which  extends  fl*om  the  one  engine  to  the  other, 
and  carries  on  each  end  of  it  a  spur  pinion  5,  which  pinion 
works  into  the  rack  6.  There  is  a  similar  rack  connected 
with  the  eccentric  rod  of  the  other  engine,  into  which  the 
other  spur  pinion  works;  so  that,  by  turning  the  handle  1, 
both  engines  can  be  started,  stopped,  or  reversed,  with 
the  greatest  facility  and  certainty  that  could  be  wished 
for.  These  bevel  wheels,  spur  pinions,  and  racks,  must 
be  so  proportioned  to  one  another,  as  that  two  complete 
turns  of  the  handle  1,  will  raise  the  eccentric  rod  from  the 
lowest  to  the  highest  position.  One  turn  of  the  handle 
raises  or  lowers  the  eccentric  rods  into  the  stopping  posi- 
tion; and  one  turn,  either  the  one  way  or  the  other,  as 
circumstances  require  it,  sets  the  boat  a-head  or  a-stern. 
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There  is  a  projecting  piece  7,  fixed  upon  the  upright 
shaft,  which  catches  into  a  notch,  pressed  by  a  spring, 
which  supports  the  racks  and  eccentric  rods,  at  any  of  the 
three  positions  that  may  be  required. 

^^  As  the  said  upright  shaft  makes  two  turns,  and  always 
stops  at  the  same  point,  it  is  not  suitable  for  the  index. 
To  remedy  this,  there  is  a  small,  pinion  8,  below  the  table, 
working  into  a  wheel  9,  with  four  times  the  number  of 
teeth,  for  carrying  the  index  10.  This  wheel,  making  but 
half  a  revolution  for  two  revolutions  of  the  upright  shaft, 
makes  the  index  upon  its  arbour  stand  fore  and  aft  when 
the  engines  are  going,  and  thwart  ships  when  the  eccen- 
tric rods  are  set  in  the  standing  position. 

^^The  index  11,  is  connected  with  the  regulating  valve 
12,  by  rods  and  spanners,  and  turned  by  hand,  as  circum- 
stances require. 

^^  The  index  13,  is  connected  with  the  injection  cock  by 
rods  and  spanners,  it  being  always  shut  before  the  engines 
are  stopped,  and  opened  when  the  engines  are  started. 
Each  engine  has  separate  gearing  for  the  regulating 
valves  and  injection  cocks,  and  graduated  circles  on  brass 
plates,  to  show,  by  inspection,  the  position  in  which  they 
are  standing. 

^^  When  the  engines  stand  for  some  time,  it  is  necessary 
to  let  the  steam  pass  freely  through  them  for  two  or  three 
seconds,  on  purpose  to  heat  them,  and  expel  any  air  that 
may  have  got  inside.  For  this  purpose,  the  long  handle 
14,  standing  by  the  side  of  the  table,  is  fixed  to  a  shaft  15, 
which  goes  across  the  front  of  both  engines,  and  by  four 
short  spanners  (or  pallets)  upon  it,  lifts  all  the  valves  of 
both  engines,  and  allows  the  steam  to  pass  freely  through 
them  by  the  air-pump  valves.  The  engineer  knows  by 
the  sound  when  to  replace  the  handle  in  the  position 
shown  in  the  sketch;  and  having  previously  set  the  index 
for  the  head  or  stern  motion  in  the  direction  wanted,  and 
adjusted  the  steam-regulating  index,  the  last  thing  he  has 
got  to  do  's  to  open  the  injection-cocks,  and  immediately 
the  engines  start  in  the  direction  wanted.* 
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Internal  Arrangement  of  Steam  Vessels. 

We  conclude  this  section  by  a  representation  and  con- 
cise description  of  die  interior  arrangement  of  steam 
boats,  as  they  have  been  gf^nerally  constructed ;  the  ma- 
chinery introduced  is  of  the  ordinary  kind,  and  will, 
therefore,  not  require  a  particular  explanation. 

The  upper  figure  represents  a  longitudinal  and  vertical 
section,  from  stem  to  stern,  of  a  steam  vessel ;  and  the 
lower  figure,  a  plan  of  the  same,  with  the  deck  removed ; 
similar  letters  in  each  figure  refer  to  corresponding  parts. 

a  a  are  two  boilers ;  b  the  chimney,  leading  from  the 
flues  of  both  the  fires;  c  is  the  steam  pipe,  only  partly 
brought  into  view  in  the  section,  but  its  course  is  better 
seen  in  the  plan,  where  it  is  shown  to  proceed  from  both 
the  boilers  into  a  single  tube,  which  conveys  it  into  ano- 
ther cross  tube,  that  connects  it  to  the  two  cylinders  d  c(, 
by  the  intervention  of  the  valve  boxes//.  The  air-pumps 
e  «,  are  worked  by  the  main  beam,  and  the  eccentric,  for 
giving  motion  to  the  valves,  is  shown  at  g.  The  paddle 
wheels  h  A,  are  usually  attached  to  the  main  crank  by  a 
coupling-box,  or  toothed-wheels,  which  enables  the  engi- 
neer to  throw  off  either  of  the  propelling  wheels  at  plea- 
sure; I,  one  of  the  paddle-boxes,  seen  only  in  the  section. 
j  is  the  fore-cabin,  k  the  after-cabin,  o  o  are  stair-cases ; 
/  /  /  /  the  framing  of  timber  which  supports  a  platform  or 
deck  (commonly  called  the  gangway),  which  nearly  sur- 
rounds the  hull  of  the  vessel. 
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SECTION  V. 

LOCOMOTIVE  8TBAM  CARRIAGES. 

The  first  part  of  this  work  concludes  with  Mr.  Galloway*» 
observations  on  this  important  subject,  in  which  he  refers 
the  reader,  for  the  description  of  several  carriages,  to  the 
Register  of  Arts,  and  Journal  of  Patent  Inventions;  the 
author  of  the  Appendix  has,  therefore,  thought  it  advisa- 
ble to  save  the  reader  the  trouble  of  reference,  by  intro- 
ducing an  account  of  those  machines  in  this  part  of  the 
work,  together  with  such  others  as  have  lately  been  in- 
vented; and  thus  include  in  one  volume,  all  that  has 
hitherto  been  done  or  attempted,  worthy  of  notice,  in  this 
highly-interesting  and  perhaps  feasible  project.  The  diffi- 
culties to  be  surmounted  are  unquestionably  great,  but,  it 
is  hoped,  not  insuperable.  Had  the  many  ingenious  men^ 
who  are  now  actively  engaged  in  constructing  steam 
coachesj  been  contented  with  attempting  the  formation 
of  steam  waggons^  it  is  probable  that  complete  success 
would  ere  now  have  crowned  their  labours.  Improved 
combinations  and  simplifications  of  the  machinery  would 
have  been  gradually  introduced,  tending  to  reduce  the 
friction,  increase  the  power,  and  accelerate  the  speed; 
but  by  attempting  so  much  at  once,  the  chances  of  failure 
are  multiplied,  and  the  success  of  an  undertaking  appa- 
rently easy  in  accomplishment,  when  proceeded  upon  step 
by  step,  is  endangered. 

Patent  Steam  Carriage^  by  Julius  Grijfith^  of  BromptoUy 

Middlesex.  1821. 

This  was,  we  believe,  the  earliest  attempt  made  in  Eng- 
land to  construct  a  locomotive  steam-coach,  to  travel  on 
the  common  road.  Although  the  experiments  that  were 
made  with  it  proved   unsuccessful,  several  of  its  mecha- 
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nical  combinations  have  afforded  useful  hints,  which  have 
not  been  overlooked  by  succeeding  mechanicians  in  similar 
^undertakings. 

The  body  of  the  carriage  was  adapted  to  carry  either 
goods  or  passengers ;  it  was  guided  by  means  of  a  lever 
operating  upon  the  fore  wheels  of  the  carriage,  so  as  to 
turn  them  round  horizontally  upon  the  ground,  or  to 
place  them  in  an  oblique  position  to  make  curves  in  the 
road.  •  The  yokes  which  carried  the  fore  wheels  were  not 
connected  to  the  main  perch  of  the  carriage,  but  to  a  short 
revolving  perch.  This  perch  was  embraced  at  each  end 
by  an  iron  hoop,  the  one  being  fixed  to  the  main  perch, 
the  other  to  the  framing  of  the  yokes ;  so  that  when  the 
carriage  passed  over  inequalities  in  the  road,  the  carriage 
would  oscillate  upon  the  revolving  perch,  and  preserve  its 
erect  position. 

Two  upright  steam  cylinders,  with  their  piston  rods 
working  a  crank  at  right  angles  to  each  other,  were  em- 
ployed as  the  propelling  power;  these,  with  their  furnace, 
boiler,  condenser,  and  other  appendages,  were  situated  in 
the  hind  part  of  the  carriage;  and,  to  prevent  them  from 
partaking  of  the  concussions  and  other  irregular  motions 
of  the  carriage,  they  were  fixed  upon  a  swinging  platform, 
suspended  to  an  elevated  iron  fiame-work;  and  elasticity 
was  given  lo  the  chains  by  the  introduction  of  strong 
heliacal  springs. 

The  boiler  consisted  of  a  series  of  metal  pipes,  into 
which  water  was  forced  by  a  pump  from  a  reservoir.  The 
steam  from  the  engine  was  condensed  in  a  series  of  flat 
pipes  exposed  to  the  cooling  influence  of  the  atmosphere, 
from  whence  the  water  ran  into  the  reservoir  again. 

The  power  of  the  engine  was  communicated  to  the  hind 

heels  by  means  of  ^^  sweep  rods,''  at  the  lower  parts  of 
which  were  pinions  -and  detents  taking  into  toothed 
wheels;  which  toothed  wheels,  being  flxed  to  the  hind 
unning  wheels  of  the  carriage,  communicated  their  mo- 
ion,  and  impelled  the  vehicle. 
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Patent  Steam  Coach,  by  Messrs.  Burstatl  and  HiUy  i^f  Lon- 
don and  Edinburgh.    1834. 
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This  was  the  second  attempt  actually  put  in  execution 
to  propel  a  coach  by  ateam.  -Numerous  experiments  were 
Buide  with  it  in  London, 'at  various  times^  the  intervals 
being  occupied  in  making  a  variety  of  alterations.  The 
utmost  speed  attained  was,  i^td  believe^  from  three  to  four 
miles  per  hour,  which  was  performed  in  an  enclosc^d  piece 
of  ground.  A  great  deal  of  time  was  lost,  and  expense 
incurred  by  the  repeated  failure  of  the  boilers.  The  fol- 
lowing account  of  this  machine  is  extracted  from  the 
Edinburgh  Journal  of  Science. 

'^  A,  represents  the  boiler,  which  is  formed  of  a  stout  cast- 
iron,  or  other  suitable  metal  flue,  inclosed* in  a  wrought- 
iron  or  copper  case,  as  seen  in  section,  where  A  is  the  place 
for  fuel^  and  aaa  are  parts  of  the  flue,  as^seen  in  section, 
the  top  being  fbrroed  into  a  number  of  shallow  trays  or 
receptacles  for  containing  a  small  quantity  of  water  in  a 
state  of  being  converted  into  steam,  which  is  admitted  from 
the  reservoir  by  a  small  pipe.  B  is  the  chiiiiney^  arising 
from  the  centre  Hue ;  at  D  are  the  two  cylinders,  one  be- 
hind theother,  which  are  fitted  up  with  pistons  and  vafves, 
or  cocks,  in  the  usual  way,  for  the  alternate  action  of 
steam  above  and  below  the  pistons.  The  boiler  being  sus- 
pended on  springs,  the  steam  is  conveyed  from  it  to  the 
engines  throug4i.  the  heliacal  pifS^  c,  which  has  that  torm 
given  to  it,  to  allow  the  vibri^tiofi  of  the  boiler,  without 
injury  to  the  steam  joints.  E  is  the  cistern  containing  water 
for  one  sthge,  say  5()  to  80  gallons,  and  is  made  of  strong 
copper,  and  air-tight,  to  sustain  a  pressure  of  about  tSO 
pounds  to  the  square  inch.  At  e  is  one  or  more  air-pumps, 
which  are  worked  by^he  beams  F  E,  of  the  engines,  and 
are  used  to  force  air  into  the  water  vessel,  that  its  pressure 
may  drive  out,  by  a  convenient  pipe,  the  water  into  the 
boiler,  at  such  times  and  in  Such  quantities  as  may  be 
wanted.  The  two  beatns  are  connected  at  one  end  with 
the  piston  rods,  and  at  the  other  With  the  rocking  stand- 
ards, H  H.  At  about  one-fourth  of  the  length  of  the  beatns 
from  the  piston  rods,  are  the  two  connecting  rods,  g  g, 
their  lower  ends  being  attached  to  two  cranks,  formed  at 
angles  of  9C^  from  each  other  on  the  hind  axle,  giving. 
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by  the  action  of  the  steam,  a  continued  rotatory  motion  to 
the  wheels,  without  the  necessity  of  a  fly  wheel.  The 
four  coach-wheels  are  attached  to  the  axles  nearly  as  in 
common  coaches,  except  that  there  is  a  ratchet  wheel 
formed  upon  the  back  part  of  the  nave,  with  a  box  wedged 
into  the  axle,  containing  a  dog  or  pall,  with  a  spring  on 
the  back  of  it,  for  the  purpose  of  causing  the  wheels  to  be 
impelled  when  the  axle  revolves,  and  at  the  same  time 
allowing  the  outer  wheel,  when  the  carriage  describes  a 
curve,  to  travel  faster  than  the  inner  one,  and  still  be  ready 
to  receive  the  impulse  of  the  engine,  as  soon  as  it  comes  to 
a  straight  course. 

^^  The  patentees  have  another  method  of  performing  the 
same  operation,  with  the  further  advantage  of  backing  the 
coach  when  the  engines  are  backed.  In  this  plan,  the  naves 
are  cast  with  a  recess  in  the  middle,  in  which  is  a  double 
bevel  clutch,  the  inside  of  the  nave  being  formed  to  cor- 
respond* The  clutches  are  simultaneously  acted  upon  by 
connecting  levers  and  springs,  and  which,  according  as 
they  are  forced  to  the  right  or  left,  will  enable  the  carriage 
to  be  moved  forward  or  backward.  To  the  fore  naves  are 
fixed  two  cylindrical  metal  rings,  round  which  are  two  fric- 
tion bands,  to  be  tightened  by  a  lever  convenient  for  the 
foot  of  the  conductor,  and  which  will  readily  retard  or 
stop  the  coach  when  descending  hills.  K  is  the  seat  of  the 
conductor,  with  the  steering  wheel,  L,  in  the  front,  which 
is  fastened  on  the  small  upright  shaft  I,  and  turns  the  two 
bevel  pinions  2,  and  the  shaft  S,  with  its  small  pinion  4, 
which,  working  into  a  rack  on  the  segment  of  a  circle  on 
the  fore  carriage,  gives  full  power  to  place  the  two  axles 
at  any  angle  necessary  for  causing  the  carriage  to  turn  on 
the  road,  the  centre  of  motion  being  the  perch-pin  I. 

^^  The  fore  and  hind  carriage  are  connected  together  by 
a  perch,  which  is  bolted  fast  at  one  end  by  the  fork,  and  at 
the  other  end  is  screwed  by  two  collars,  which  permit  the 
fore  and  hind  weels  to  adapt  themselves  to  the  curve  of 

the  road. 

^^  To  ascend  steep  parts  of  the  road,  and  particularly  when 
the  carriage  is  used  on  railways,  o*  to  drag  another  behind 
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it,  greater  friction  will  be  required  on  tife  road  than  the 
two  hind  wheels  will  give,  and  there  is  therefore  a  contri<* 
vance  to  turn  all  the  four  wheels.  This  is  done  by  a  pair 
of  mitre  wheels  4,  one  being  on  the  hind  axle,  and  the 
other  on  the  longitudinal  shaft  6,  on  which  shaft  is  a  uni- 
versal joint,  directly  under  the  perch-pin  I,  at  7.  This 
enables  the  small  shaft  7,  to  be  turned,  though  the  carriage 
should  be  on  the  lock.  On  one  end  of  the  shaft  7,  is  one 
of  a  pair  of  bevel  wheels,  the  other  being  on  the  fore  axle, 
which  wheels  are  in  the  same  proportion  to  one  another, 
as  the  fore  and  hind  wheels  of  the  carriage  are,  and  this 
causes  their  circumference  to  move  on  the  ground  at  the 
same  speed. 

*^  The  patentees,  by  a  peculiar  construction  of  a  boiler, 
-  intend  to  make  it  a  store  of  caloric ;  they  propose  to  heat 
it  from  350  to  600  or  800  degrees  of  Fahrenheit,  and  by 
keeping  the  water  in  a  separate  vessel,  and  only  applying 
it  to  the  boiler  when  steam  is  wanted,  they  hope  to  accom- 
plish that  great  desideratum  in  the  application  of  steam  to 
common  roads,  of  making  just  such  a  quantity  of  steam  as 
is  wanted  ;  so  that,  when  going  down  hill,  where  the  gra- 
vitating force  will  be  enough  to  impel  the  carriage,  all 
the  steam  and  heat  may  be  saved,  to  be  accumulating  and 
given  out  again  at  the  first  hill  or  bad  piece  of  road,  when, 
more  being  wanted,  more  will  be  expended. 

^^  The  engines  are  what  are  called  high-pressure,  and  ca- 
pable of  working  to  ten-horse  power,  and  the  steam  is  pur- 
posed to  be  let  off  into  an  intermediate  vessel,  that  the 
sound  emitted  may  be  regulated  by  one  or  more  cocks. 

^^  From  the  foregoing  description  we  think  we  are  war- 
ranted  in  saying,  that  there  is  a  considerable  degree  of 
ingenuity,  as  well  as  originality,  in  many  of  the' details,  and 
also  in  the  general  arrangement  of  th^  machinery.  In  this 
light  we  regard  their  mode  of  allowing  the  several  wheels 
to  move  simultaneously  at  different  velocities,  the  convo- 
luted form  given  to  the  steam  and  water  pipes,  by  which 
the  injurious  effects  of  jolting  are  avoided  by  very  simple 
means,  and  the  mode  of  injecting  water  into  the  boiler,  by 
means  of  compressed  air 
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^^  By  the  recent  iroprovemeDts,  the  boiler  is  to  be  placed 
upon  an  additional  pair  of  wheels,  so  that  the  whole 
machine  may  run  upon  six  wheels  instead  of  four.  The 
patentees  claim  twodidtinct  modes  of  employing  this  extra 
pair  of  wheels,  either  of  which  may  be  adopted.  By  the 
first  mode,  the  back  end  of  the  boiler  is  bolted  to  the  axle- 
tree  of  the  ex4ra  wheels,  and  the  front  end  rests  and  turns 
upon  a  pivot,  fixed  to  the  axle  of  the  middle  pair  of  wheels. 
By  the  second  mode,  the  axle  of  the  hind  wheels  turns 
upon  a  centre,  and  the  boiler  is  attached  to  a  frame,  which 
encompasses  it :  this  frame  is  suspended  upon  springs  or 
not,  (according  to  the  nature  of  the  road,)  the  fore  part  of 
it  being  bolted  to  the  axle  of  the  middle  pair  of  wheels.  By 
either  of  these  contrivances,  the  carriage  containing:  the 
boiler  may  be  made  to  adapt,  itself  to  the  bends  in  the 
road,  without  incurring  injurious  strains. 

^<  The  next  improvement  of  material  importance,  consists 
in  the  construction  of  the  steam  pipes,  which  have  sliding 
and  moveable  knee-formed  joints,  to  admit  of  their  ex- 
tension or  contraction,  when  the  carriage  is  passing  over 
rough  or  undulating  ground;  thus  constructed,  the  pipes 
also  accommodate  themselves  to  bends  and  irregularities  in 
the  road. 

''  The  third  improvement  relates  to  the  mode  of  steering 
the  carriage,  which  is  effected  by  a  chain  circumscribing 
the  steering  wheel,  the  ends  of  the  chain  then  passing 
round  pulleys  fixed  on  the  carriage  frame,  are  attached  to 
the  opposite  extremities  of  the  fore  axletree." 

An  improved  modification  of  this  machine  has  been  since 
constructed  by  Mr.  Hill,  in  London  ;  we  saw  the  carriage 
in  the  progress  of  building,  but  what  advantages  have  re- 
sulted from  the  alterations  made,  we  have  not  heard;  the 
underti'kifig  has  however  been  lately  suspended  by  Mr. 
Hill  in  London,  while  his  partner  Mr.  Burstall,  of  Edin- 
burgh, has  continued  to  prosecute  it,  as  will  be  seen  by 
the  annexed  account. 
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Patent  Steam  Carriage,  by  Mr.  Burstall,  Edinburgh.  1827 


The  above  cut  is  a  representation  of  the  model  of  a 
coach,  constructed  in  Edinburgh  byMr.Burstall,  from  the 
designs,  it  is  said,  of  Mr.  Hill,  upon  a  scale  of  three  inches 
to  the  foot,  or  one-fourth  linear  measure  of  the  full-sized 
machine.  As  this  proportion  is  accurately  preserved  in  all 
its  parts,  the  model  exhibits  a  faithful  representation  of  the 
carriage  to  be  used  on  the  road,  (if  successful)  and  thus 
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afibrds  a  measure  (though  not  a  very  correct  one)  of  itsi 
performance. 

The  coach  is  exactly  of  the  common  form,  and  carries 
six  inside  and  twelve  outside  passengers,  but  it  has  an  ad- 
ditional pair  of  wheels  behind,  for  supporting  the  boiler. 
The  length  of  the  model  is  five  and  a  half  feet,  its  height 
twenty-two  inches ;  tbelength  of  the  full-sized  coach,  with 
its  engine,  will  be  twenty-two  feet,  its  height  seven  feet 
four  inches.  The  steersman  or  driver  sits  in  front,  and,  by 
turning  a  circular  horizontal  plate  c,  gives  the  first  pair  of 
wheels  a  direction  to  the  right  or  the  left,  as  in  a  common 
coach^  when  the  bends  of  the  road  require  it.  The  boiler 
6  is  supported  by  an  iron  frame,  extending  from  the  second 
to  the  third  pair  of  wheels.  It  is  shaped  like  a  bee-hive 
or  cone,  and  will  be  about  four  and  a  half  feet  high  in  the 
full  machine,  exclusive  of  the  chimney.  The  fire  is  in  the 
middle,  and  the  water  and  steam  outside.  The  engine  is 
on  the  high-pressure  principle  ;  and  the  boiler,  which  is  of 
copper,  is  made  strong  enough  to  bear  a  pressure  of  three 
hundred  pounds  on  the  inch,  though  it  is  intended  to  work 
with  only  twenty-five  pounds.  Two  cylinders  are  employed ; 
they  occupy  the  hind  boot,  and  rest  on  the  axle  of  the 
middle  wheels;  in  the  model,  the  cylinders  are  three  inches 
in  diameter,  with  a  stroke  of  three  inches.  The  cistern  a  is 
below.  The  engine  pumps  up  water  for  itself,  which  passes 
from  the  cistern  by  a  pipe ;  another  pipe  e  conveys  the  steam 
to  the  cylinder ;  a  third  pipe  scarries  off  the  wastesteam  from 
the  cylinders  into  the  chimney,  from  which,  being  expanded 
by  the  heat,  it  escapes  invisibly.  The  engine,  when  worked 
with  steam  of  twenty-five  pounds,  will  be  of  ten-horse 
power  in  the  full-sized  carriage;  and  the  whole  weight  of 
the  engine  and  carriage,  with  the  charge  of  fuel  and  water, 
will  be  about  three  tons. 

This  model  of  the  carriage  was  exhibited  at  work  in 
Edinburgh  (and  other  places),  where  it  travelled  round  a 
circle  of  seventeen  feet  in  diameter,  on  an  uneven  deal 
floor,  with  a  speed  equal  to  seven  or  eight  miles  per  hour. 
A  deal  platform,  18  feet  long,  rising  1  foot  at  the  end  (or  1 
in  18),  was  fixed,  which  the  carriage  ran  up  with  ease  and 
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rapidity.  Od  the  outside  of  the  circle  was  a  deal  ban^, 
which  rose  5  in  25  in  the  cross  section,  to  show  how' little 
laying^  on  one  side  would  affect  her  safety,  owiti^  to  the 
centre  of  gravity  being  placed  so  near  to  the  ground.  The 
carriage  was  subjected  to  the  roughest  usage,  by  ruiining 
her  over  tools  of  various  kinds  laid  in  her  way,  and  it  was 
asserted  that  this  model  run,  in  the  space  of  eight  days,  S50 
miles,  without  any  fresh  packing  or  repair. 

Patent  Steam  Carriage  Machinery^  by  W.  H,  James^  of 

Thavies  Inn^  Holbom.   1824« 

Instead  of  actuating  the  several  wheels  of  a  carriage 
with  a  single  engine,  as  heretofore,  Mr.  James  adapts 
separate  engines  to  each  wheel.  These  engines  are  of 
small  and  equal  dimensions,  and  have  their  steam  sup** 
plied  with  pipes  connected  with  the  boiler,  situated  in  a 
convenient  part  of  the  carriage.  The  object  of  the  pa- 
tentee in  employing  separate  engines  is,  that  each  wheel 
may  have  a  motion  independent  of  any  of  the  other 
wheels,  so  that  their  powers  or  velocities  may  be  varied 
at  pleasure,  which  is  essential  in  passing  round  curves,  or 
turning  comers  of  the  road ;  because  (as  is  well  under- 
stood) when  a  carriage  moves  in  the  arc  of  a  circle,  the 
outer  wheel  moves  over  a  greater  space  of  ground  than 
the  inner  wheel,  consequently  rendering  it  necessary  that 
the  engine  connected  with  the  outer  wheel  should  be  made 
U>  work  so  much  faster  than  the  engine  connected  with  the 
inner  wheel.  This,  Mr.  James  efiects  by  a  very  simple  con« 
trivance;  he  causes  the  fore  axletree  to  be  connected  with 
a  stop-cock  placed*  in  the  main  pipe,  through  which  the 
steam  passes  from  the  boiler  to  the  respective  engines ;  this 
stop-cock  is  so  constructed,  that  when  the  fore  axletree 
stands  at  right  angles  to  the  perch,  (t.  6*  when  the  carriage 
is  proceeding  in  a  straight  line,)  it  admits  equal  quantities 
of  steam  to  each  engine;  but  whenever  the  axletree  stands 
obliquely  to  the  perch,  (as  in  making  curves  in  the  road,) 
it  causes  the  stop-cock  to  admit  a  greater  quantity  of  steam 
to  the  engine  connected  with  the  outer  wheel,  so  as  to  cause 
that  wheel  to  revolve  faster,  and  a  diminished  qufmtity  to 
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the  eDgfine  connecled  with  the  inner  wheel,  so  as  to  make 
it  revolve  slower,  in  exact  proportion  to  the  curve  around 
wbicb  the  carriage  is  moving. 
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Upon  roads  of  moderate  elevation,  Mr.  James  applies 
Separate  engines  to  each  of  the  hind  wheels  only;  but 
upon  roads  that  have  greater  ascents,  he  employs  four 
engines,  that  is,  one  to  each  wheel ;  and  thus  he  obtains  a 
greater  degree  of  resistance  or  friction  upon  the  surface 
passed  over.  In  ordinary  roads,  however,  Mr.  James 
considers  that  two  engines  will  be  sufficient,  because  it  is 
not  required,  on  this  principhj  that  the  wheels  shall  be 
thrown  out  of  gear,  and  in  passing  round  curves  they  may 
be  kept  constantly  in  action;  thus  the  amount  of  friction 
against  the  road  will  be  preserved  tolerably  uniform, 
which  is  of  course  very  important  in  propelling  a  carriage 
in  the  precise  line  required;  if,  under  any  circumstance, 
as  in  passing  down  hills,  it  may  be  advisable  to  lock  one 
of  the  hind  wheels,  it  may  be  performed  as  in  other  car- 
riages, by  putting  on  a  drag. 

From  what  we  have  already  said,  we  think  the  advan- 
tages resulting  from  the  employment  of  a  separate  engine 
to  each  wheel  must  be  apparent.  Tlie  next  consideration 
was,  to  give  each  wheel  an  independent  rotatory  motion, 
without  the  necessity  of  employing  fly-wheels;  this  Mr. 
James  produces  by  having  two  small  cylinders  to  each 
engine,  as  shown  in  fig.  1,  (which  we  shall  presently  de- 
scribe). Without  such  an  arrangement,  in  passing  over 
rough  or  loose  ground,  or  in  the  ascending  of  steep  hills, 
the  impulse  given  to  the  carriage  would  frequently  not  be 
sufficient  to  carry  the  engines  over  their  centres. 

The  rtext  object, — which  has  been  considered  as  one  of 
almost  insurmountable  difficulty,  that  of  putting  the 
whole  of  the  machinery  upon  springs,  so  as  to  prevent 
any  injurious  consequences  to  the  acting  parts  from  coi- 
cuseions,  and  likewise,  at  the  same  time,  to  allow  of  the 
perfect  and  uniform  operation  of  the  engines  upon  the 
running  wheels,  when  passing  over  rugged  surfaces, — Mr. 
James  effects  by  causing  the  engines  and  their  frame- work 
to  vibrate  altogether  upon  the  crank-shafts,  as  a  centre ; 
at  the  same  time  connecting  these  engines  to  the  boiler 
and  exit  passages,  by  means  of  hollow  axles  moving  in 
Btutfing-boxes,  which,  together  with  the  body  of  the  car« 
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riage,  is  suspended  upon  the  springs;  these  springs  rest 
upon,  the  axletrees,  as  will  be  understood  by  an  attentive 
examination  of  the  figures,  (especially  fig.  3,)  which  we 
shall  n<»w  proceed  to  explain. 

Fig«  Ij  is  a  plan  of  the  machinery  of  a  carriage,  as  ap* 
plied  to  the  hind  wheels.  Fig.  2^  is  a  cross  section,  giving 
an  end  view  of  the  boiler  and  the  cranks^  showing  the 
manaer  in  which  the  former  is  suspended,  its  mode  of 
attachment  to  the  body  of  the  carriage,  and  the  situation 
of  the  springs  on  which  it  rests.  Fig.  3,  is  a  longitudinal 
section,  giving  a  side  view  of  the  machinery  as  attached 
to  the  running  wheels;  similar  letters  of  reference  apply 
to  the  corresponding  parts  in  each  of  the  figures. 


Fig.  1,  a  a  represent  the  boiler  suspended  to  the  frame- 
work b  b  b  b  above,  which  frame-work  is  firmly  attached 
to  the  body  of  the  carriage  c  c  c  c^  and  forms  its  support ; 
d  d  th^  axletree,  the  form  of  which  is  best  seen  in  fig.  2, 
has  four  supports  e  eee;  the  axles  of  the  running  wheels 
//]  are  fixed  thereto,  and  are  connected,  in  one  piece, 
with  each  of  the  crank  shafts  g  g;  hy  which  each  of  the 
wheels  is  made  to  revolve  independently  of  the  others. 
Each  of  the  engines  has  two  cylinders  A  A,  which  operate 
by  their  piston  rods  upon  the  cranks ;  to  these  separate 
engines,  steam  is  supplied  from  the  boiler  a  a,  by  means 
of  the  pipe  k,  which  enters  at  the  stop-cock  6,  into  the 
steam  box  m;  from  this  box  the  steam  passes  into  the 
pipes  n  n,  which  move  steam-tight  through  stuffing  boites; 
from  thence  the  steam  proceeds  through  the  pipes  o  o  o,  to 
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the  slide  boxes  p  p  p  p,  the  slides  being  worked  by  eccen- 
trics q  q  q  q^  on  the  crank-shfifls,  in  the  usual  manner,  and 
from  thence  to  the  cylinders.  The  exhaustion  pipes  r  r, 
lead  into  the  hollow  axles  n  n,  before  described,  in  which 
there  are  partitions  s  s^  to  separate  the  steam  from  the 
exit  passages,  which  pass  through  the  said  hollow  axles 
to  the  boxes  1 1;  from  which  there  are  pipes  u  u,  leading 
into  the  chimney  Vy  shown  in  section.  The  rods  x  jc,  are 
attached  to  the  fore  axle  of  the  running  wheels,  and  also 
,to  the  two  handles  of  the  cock  f,  so  that  the  fore  axle  and 
the  cock  move  simultaneously,  and  parallel  to  each  other. 
z  z  represent  part  of  the  frame-work  extended,  for  tying 
the  engines  together  by  means  of  a  connecting  bolt;  and 
so  as  lo  allow  the  body  of  the  carriage  to  have  a  slight 
lateral  motion  upon  its  springs,  independently  of  the 
engines,  by  means  of  the  hollow  axles  sliding  longitudi- 
nally through  the  stuffing-boxes. 

In  the  preceding  account,  we  have  given  the  substance 
of  Mr.  Jameses  specification ;  and,  although  it  contains 
much  novel  and  valuable  matter,  he  limits  his  claim  of 
patent-right  to  the  following  points  only,  which  we  add 
verbatim : — 

<<  I  have  herein  described,  for  the  perfect  understanding 
of  my  invention,  the  general  construction  and  operation 
of  a  steam  carriage  to  be  actuated  upon  my  improved 
principles;  but  I  do  not  mean  to  confine  myself  to  this 
particular  construction  or  adaptation  of  parts,  as  my  in- 
vention consists  simply  and  exclusively  in  adapting  dis- 
tinct steam  engines  to  the  several  wheels  upon  which  the 
carriage  runs,  for  the  purpose  of  actuating  such  several 
wheels  independently  of  each  other,  whatever  may  be  the 
number  of  wheels  so  employed,  or  whatever  may  be  the 
construction  or  position  of  the  steam  engines  and  their 
appendages  so  adapted,  or  whatever  may  be  the  form  of 
the  carriage  to  be  propelled. '^ 

We  shall  have  occasion  farther  on  to  give  an  account  of 
some  experiments  made  with  carriages  on  this  construe* 
tion,  in  the  order  of  their  date. 
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Patent  Steam  Carriage^  by  Mr.  Goldsworthy  Gurnei/f  qf 
Argyle  Street,  London.    ISSS. 


Mr.  Gumey  has  done  more  in  experimental  Irials  than  any 
other  individual,  owing  probably  to  his  having  had  greater 
funds  placed  at  his  disposal;    it  must  also  be  admitted, 
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that  he  has  succeeded  in  making  more  extendi.^  Journeys 
at  the  flpeed  of  ordinary  stage  coaches  than  his  contem* 
porarieB.  There  is,  however,  nothiog  new  in  his  mode  of 
propelling,  and  that  degree  of  success  which  has  atteaded 
his  efforts,  we  rather  attribute  to  his  application  of  the 
light  tubular  boiler,  described  at  page  395.  The  annexed 
popular  description  of  the  construction  of  the  carriage 
represented  in  the  preceding  page,  is  extracted  from  a 
weekly  periodical,  with  some  slight  curtailments. 

The  carriage  is  constructed  for  accommodating  six 
inside  and  fifteen  outside  passengers,  independently  of  the 
guide,  who  is  also  the  engineer.  In  front  of  the  coach  is 
a  Tery  capacious  boot,  while  behind,  that  which  assumes 
the  appearance  of  a  boot,  is  the  case  for  the  boiler  and 
the  furnace,  from  which  no  inconvenience  is  experienced 
by  the  outside  passenger,  although,  in  cold  weather,  a 
certain  deo'ree  of  heat  may  be  obtained,  if  required.   The 
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length  of  the  vehicle,  fVom  end  to  end,  is  fifle 
with  the  pole  and  pilot  wheels,  twenty  feet.  The  diametet 
of  the  hind  wheels  is  five  feet;  of  the  front  wheels,  three 
feet  nine  inches;  aiid  of  the  pilot  wheels,  three*  feet. 
There  is  a  treble  p^rch,  by  which  the  machinery  is  sup- 
ported, and  beneath  which  two  propellers,  in  going  up  a 
hill,  may  be  set  in  motion,  somewhat  similar  to  the  action 
of  a  horse *s  legs  under  similar  circumstances^  which  assist 
in  forcing  the  carriage  to  the  summit. 

In  descending  a  hill,  there  is  a  break  fixed  on  the  hind 
wheel,  to  increase  the  friction ;  but,  independently  of  this, 
the  guide  has  the  power  of  lessening  the  force  of  the 
steam  to  any  extent,  by  means  of  the  lever  at  his  ri^ht 
hand,  which  operates  upon  the  throttle  valve^  and  by 
which  he  may  stop  the  action  of  the  steam  altogether,  and 
eifect  a  counter  vacuum  in  the  cylinders.  By  this  meansi 
also  he  regulates  the  rate  of  progress  oh  the  road.  Ther^ 
is  another  lever  by  which  he  can  stop  the  vehicle  instanter, 
and  in  a  moment  reverse  the  motion  of  the  wheels,  so 
as  to  prevent  accident,  as  is  the  practice  with  the  paddles 
of  steam  vessels.  The  duty  of  the  guide,  who  sits  in  front, 
is  to  keep  the  vehicle  in  its  proper  course^  which  he  does 
by  means  of  the  pilot  wheels  acting  upon  the  pole. 

The  total  weight  of  the  carriage  and  all  its  apparatus 
is  estimated  at  one  and  a  half  tons,  and  its  wear  and  tear 
of  the  road,  as  compared  with  a  carriage  drawn  by  four 
horses,  as  one  is  to  six.  The  engine  has  a  twelve-horse 
power,  but  may  be  increased  to  sixteen  ;  the  actual  power 
in  use,  except  in  ascending  a  hill,  is  eight  horses. 

^ig-  I9  gives  a  side  view  of  the  machine;  a,  the  guide 
and  engineer,  to  whom  the  whole  management  of  the  ma- 
chinery and  conduct  of  the  carriage  is  entrusted.  Besides 
this  man,  a  guard  will  be  employed,  whose  duty  it  will  be 
to  look  after  the  luggage  and  passengers;  6,  the  handle, 
which  guides  the  pole  and  pilot  wheels;  c,  the  pilot 
wheels ;  d,  the  pole;  €,  the  fore  boot,  for  luggage  ;  /,  the 
throttle  valve  of  the  main  steam  pipe,  which,  by  means  of 
the  handle,  in  opened  or  closed  at  pleasure,  the  power  of 
the  steam  and  the  progress  of  the  carriage  being  thereby 
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Regulated,  from  one  to  ten  or  twenty  miles  per  hour ;  gy  the 
tank  for  water,  running  from  end  to  end,  and  the  full  breadth 
of  the  carriage;  it  will  contain  sixty  gallons  of  water; 
A,  the  carriage,  painted  claret  colour,  and  lined  with 
cloth  of  the  same  hue,  capable  of  holding  six  inside  and 
tweWe  outside  passengers ;  t,  the  hind  boot,  containing  the 
boiler  and  furnace ;  it  is  encased  with  sheet  iron,  and  be* 
tween  the  pipes  the  coke  and  charcoal  are  put,  the  front 
being  closed  in  the  ordinary  way  (as  seen  in  fig.  2.)  with 
an  iron  door.  The  pipes  extend  from  the  cylindrical  re- 
servoir of  water  at  the  bottom,  to  the  cylindrical  chamber 
for  steam  at  the  top,  forming  a  succession  of  lines  some* 
thing  like  a  horse-shoe,  turned  edgeways.  The  steam 
enters  the  ^^  separators'*  through  large  pipes,  and  is  thence 
conducted  to  its  proper  destination ;  k  ky  separators,  in 
which  the  steam  is  separated  from  the  water,  the  water 
descending  and  returning  to  the  boiler,  while  the  steam 
ascends,  and  is  forced  into  the  steam  pipes  of  the  engine  ; 
/,  the  pump,  by  which  the  water  is  pumped  from  the  tank, 
by  means  of  a  flexible  hose,  to  the  reservoir  communicating 
with  the  boiler ;  m,  the  main  steam  pipe  descending  from 
the  ^^  separators^*' and  proceeding  in  a  direct  line  under 
the  body  of  the  coach  to  the  ^^  throttle  yalve,''  and  thence, 
under  the  tank,  to  the  cylinders  ;  nn,  flues  of  the  furnace, 
four  in  number ;  o,  the  perches,  of  which  there  are  three, 
conjoined,  to  support  the  machinery ;  p,  the  cylinders,  there 
is  one  between  each  perch ;  9,  valve  motion,  admitting 
steam  alternately  to  each  side  of  the  pistons ;  r,  cranks  ope- 
rating on  the  axle,  are  crotches  which,  as  the  axle  turns 
round,  catch  projecting  pieces  of  iron  on  the  boxes  of  the 
wheels,  and  give  them  the  rotary  motion — the  hind  wheels 
only  are  thus  operated  upon ;  «,  propellers,  used  as  the  car- 
riage ascends  a  hill ;  t^  the  drag,  which  is  applied  to  increase 
the  friction  on  the  wheel  in  going  down  a  hill ;  this  is 
also  assisted  by  diminishing  the  pressure  of  the  steam,  or, 
if  necessary,  inverting  the  motion  of  the  wheels^ ;  u,  the 
clutch,  by  which  the  wheel  is  sent  round ;  v,  the  safety 
valve,  which  regulates  the  proper  pressure  of  the  steam  iu 
the  pipe ;  ti;,  the  orifice  for  filling  the  tank ;  this  is  dot.e 
23.  3z 
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by  means  of  a  6ezibLe  hose  end  a  funnel,  and  oceupUs  bnt 

a  few  seconds. 

Fig.  2,  exhibits  a  back  vieir  of  the  carriage,  and  the 
perches  that  support  the  machinery,  not  here  introduced ; 
a,  the  furnace  door;  c,  guage cock;  d,  blow  cock;  ee,sleani 
pipes;//,  flues  to  furnace;  917,  the  pipes  through  which  the 
water  is  propelled  from  the  separators  A  A,  into  the  boiler^ 
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AltlJbugh  this  carriage  W9a  not  actiially  built  until  af^or 
Mr.  Gurney's,  deaeribttd  in  the  last  article^  it  is  proper  to 
notice  Aat  tlie  piBCuliar  mode  of  piropdliiog  herein  adop^d 
was  patented  by  Mr.  Gordon,  sevente^  months  pri<H'i4o^ 
Mr.  Gumey's  patent.  8ix  months  after  the  seaUng  af^Qfr*. 
Gordon's  patent,  a  description  and  drawing  of  it  was  pub* 
lished  in  the  Register  of  Arts ;  after  that  time,  the  patent^c^'s 
avocatioiffi  prevented*  hin  from  constvuetiog^  the^  map^iine 
here  represented,,  which  is  an  iniprored  modification  of  t;be 
former  carriage.  fPhe  altierations  chiefly  consist  \fi  plf^^ing 
the  propellers  ki  the  fore  part  of  the  cai^riage  instefid  of 
behind  it ;.  in  raising  theito  from  the  grqivafil>y  means  of  a 
light  revolving  crank,  (baling  six  throws^  that  b^ing  the 
nmnber  of  propellers  employed,)  which  effects  the  operittion 
with  greater  regularity,  and  by  much  simpler,  arrange- 
ments than  by  the  eccentrics  previously  used.  The  ma- 
dbinery,' generally,  is  also  much  simplified^  Instead  of 
tJbeiibnnei'caravair-shaped  vehicle,  there  are  to  be  accom« 
modatibns  ibr  if  he  outside  passengers,  similar  to  those  in 
oar'ordtniu*y  sthge  coaches;  but  the  inside  passengers  are 
to  sit  in  a  row  facing  the  fore  part,  inan  apartment  much 
resembling  that  in  front  «f  a  French  diHgence^  similar  to 
thb  design  in  tie  preceding.|)age; 

The  carriage  runs  upon  only  three  wheels,  onein  front^ 
aad  two' behind)  and  each  of  tMm^fhaVe  a/^separate^axle. 
The  latter  circdmatflnce  affords  'a  great  advantage  in  the 
hind  part  of  the  carriage,  whejre  the  two  wheeU  are 
opposiie  to  each  other  ;.  (here  being  no  cross-axle,  an  in- 
creased capacity  is  obtaiaed  in  the  body  of  (^he. carriage, 
exceedingly  useful  in4h^stAwing  of  heavy  goods  in  ordiflary 
cases ;  but  as  now  employed  for  locomotion  by  steitm,  of 
great  conveiiienoe,'a8  a  depository  for  fuel  and  water/  •  The 
wheels  roll  pei^idmiHMflfr^^  on  th^ir  axes,  between  sti!ong 
parallel  bars,  which  become  the  bearings  of  the  atesj;  a 
considerable  de^ef^  o£/frietion  is  thi|&  avoided  ;  while  tlie 
single  wheel  inTnont  gives  a  greatcfr  facility /of  turningp 
and  in  a  less  apace,  than  coaches  haviing  two  fore  wheels. 
This  peculiar  construction  of  the  body  of  a  carriage,  is  a 


540  GORDON*!   PATBVT 

distinct  patent  of  Mr.  Gordon,  antecedent  to  that  fcr  the 
propelling  apparatus  now  under  consideration. 

The  engines  and  other  machinery  rest  entirely  upon  the 
springs  of  the  carriage,  to  preserve  them  from  the  injurious 
effects  of  the  concussions  made  by  the  wheels  upon  loose 
stones  or  other  obstacles  lying  on  the  sur&ce  of  the^ 
road. 

In  the  body  of  the  carriage,  connected  with  the  piston 
rods  of  the  engine,  is  a  six-throw  cranki  to  these  throws 
or  arms  are  attached  the  propellers,  which  by  the  rero*> 
lution  of  the  crank  are  successively  forced  out  against  the 
ground  in  a  backward  direction,  then  drawn  up  again,  pre« 
cisely  in  the  manner  of  the  hind  legs  of  a  horse.  The  rods 
are  formed  of  iron  tubes  filled  with  wood,  to  combine 
lightness  with  great  strength.  To  the  ends  of  these  rods 
are  attached  what  may  be  considered  as  substitutes  for 
horses*  feet,  although  their  form,  being  the  segments  of 
circles,  is  very  different.  They  press  against  the  ground 
by  a  rolling  kind  of  motion,  causing  a  sufficient  adhesion 
to  the  surface  without  digging  it  up,  and  adapt  themselves 
to  any  turn  of  the  carriage.  The  under  part  of  these  feet 
is  formed  into  short  strong  brushes,  supported  by  iron 
teeth,  that  the  latter  might  take  effect,  in  the  event  of  the 
other  part  failing. 

In  going  down  a  hill,  these  propellers  are  lifted  off  the 
ground  by  the  guide  at  pleasure,  so  that  the  carriage  pro- 
ceeds entirely  by  its  own  gravity ;  if  the  descent  should  be 
steep,  or  the  motion  too  rapid,  tlie  guide  then  makes  use 
of  a  break,  by  which  the  motion  can  be  retarded,  or  en- 
tirely stopped.  If  the  carriage  be  proceeding  upon  a  levd^ 
the  lifting  of  the  propellers  alone  stops  the  carriage  gra* 
dually,  but  quickly,  if  ascending  an  inclined  plane.  Thi;5 
application  of  the  propellers  affords  also  a  very  facile 
means  of  making  a  turn  in  the  road,  simply  by  lift- 
ing them  on  one  side,  and  allowing  them  to  act  on 
the  other,  which  is  done  by  the  mere  pulling  of  a  cord ; 
the  guide  has  also  the  power  of  producing  the  same  effect 
by  turning  a  lever  in  front  of  him,  which,  by  means  of  a 
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pinion,  operates  upon  a  toothed  sector  on  the  circalar 
frame  that  surrounds  the  front  >vheel ;  either  of  these  modes 
may  be  employed,  or  both  of  them  in  conjunction ;  thus 
very  great  facilities  are  afforded,  for  making  quick  tind 
sudden  turns  in  the  road. 

In  countries  where  sledges  are  used,  for  travelling  orer 
snow,  the  machine  may  be  placed  upon  skates,  and  the 
feet  of  the  propellers  be  shod  with  suitable  iron  teeth. 

The  preceding  engraving  represents  a  side  elevation  of 
the  machine,  a,  the  end  of  the  boiler;  6,  the  flue ;  c,  an 
apartment  for  the  engineer  to  attend  the  fire,  and  regulate  ' 
the  machinery,  which  apartment  contains  a  store  of  water, 
coke,  &c. ;  d,  external  connecting  rod  (on  each  side  of  the 
carriage)  that  unites  the  driving  cranks  of  the  propellers 
to  the  small  lifting  cranks  within  the  carriage ;  €,  being 
the  axis  of  the  driving  cranks;  and/,  the  axis  of  the 
lifting  cranks ;  9,  the  apartment  for  the  inside  passengers, 
which  has  glazed  windows  in  front ;  A,  the  seats  for  the 
outside  passengers ;  t,  the  conductor,  who  guides  the  car* 
riage  by  means  of  four  cross  levers,  turning  a  small  pinion 
of  seven  teeth,  that  work  in  a  toothed  sector,  fixed  on  the 
periphery  of  the  circular  frame;  pji,  propellers,  of  which 
the  whole  six  are  brought  into  view ;  8 «,  the  straps  or 
ropes  by  which  the  propellers  are  successively  lifted  from 
the  ground. 

Having  given  a  general  description  of  the  carriage 
from  its  external  appearance,  we  proceed  to  explain  the 
internal  machinery  by  which  the  propulsion  is  effected. 

In  the  fore  part  of  the  carriage,  and  centrically  between 
the  driving  and  lifting  cranks  of  the  propellers,  are  placed 
the  steam  engines ;  these  consist  of  two  brass  cylinders,  in  a 
horizontal  position,  which  vibrate  upon  trunnions ;  and  the 
latter  being  hollow,  form  the  induction  and  eduction  pas* 
sages  for  the  steam.  The  piston  rods  of  the  cylinders  are 
attached  to  two  distinct  throws  of  the  driving  crank,  placed 
at  right  angles  with  respect  (o  each  other,  so  that  the  vi-* 
brations  of  the  cylinders  admit  of  the  piston  rods  following 
the  revolution  of  the  crank.  •  Thus  there  are  eight  throws 
to  the  driving  crank  ;  viz.  two  for  the  cylinders,  and  six 
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for  the  propellers,  turning  upoo  t^  riame  akis,  but  upon 
nine  distinct  bearioga  (two  to  each  thro«r)  on  the  frftmrt 
work  of  tJK  carriaj^.  The  force  of  thest^lm  engines,  ami 
the  rotary  motion  of  the  driving  lirank-arecoiAmunicaled 
to  the  lifting  crank  by  nleana  of  connoting  rods,  on  (lie 
outside  of  the  .mrriage  (aa  exhibited , In  the  elevation  of 
the  machine  in  our  U^  number,  and  by  the  subjoined  plan 
fig.  2);  «nd  the  arrAngeitient  is  such,  that  the  throws  of 
each  respective  crank  are  slwavs  parallel  to  each  other. 
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Reference  to  fig.  2. — This  diagram  represents  a  plan  of 
tbe  machinery  in  the  fore  part  of  the  carriage ;  kk,  are  the 
eight  throws  of  the  driving  crank,  the  airis  of  which  turns 
in  plummer  blocks  fixed  on  the  wooden  frame  of  the  car- 
riage; b  b^  the  six  throws  of  the  lifting  crank,  the  extre- 
mities of  whose  axis  are  connected  to  the  ends  of  the  axis 
of  the  driving  crank  by  means  of  the  rods  d  d.  pp,  are  the 
feet  of  the  propellers,  connected  by  their  rods  o  o,  to  the 
driving  crank ;  and  ««,  are  the  double  straps  by  which  the 
feet  of  the  propellers  are  attached  to  the  lifting  crank. 
The  steam  is  brought  on  from  the  boiler  (situated  at  the 
back  part  of  the  carriage)  by  the  pipe  r  r,  and  passing 
through  a  breeches  piece  enters  the  cylinder  itn,  by  the 
hollow  trunnions  I  f,  on  which  they  vibrate;  the  steam 
passes  out  of  each  cylinder  through  the  opposite  trunnions, 
and  escapes  by  the  pipe  v,  to  the  condenser.  The  ex- 
ternal diameter  of  each  cylinder  is  fire'  inches.  The 
boiler  used  in  this  carriage  is  one  of  Mr.  Garney'»  patent 
construction. 

■ 

It  will  be  perceived  that  there  are'  three  throws  to  the 
driving  crank  on  each  side  of  the  carriage ;  on  one  side 
they  radiate  from  the  axis  at  190  degrees  apart ;  they  ave 
the  same  on  the  opposite  side,  but  so  posited  as  to  come  in* 
termediate.with  the  throws  of  the  former;  that  is,  when 
the  crank'  is  viewed  end-ways,  all  the  six  throws  appear 
uniformly  at  sixty-  degrees  apart.  This  arrangement  is 
essential  to  the  proper  action  of  the  propellers,  which  is, 
that  when  a  propeller  on  one  side  has '  been  thrust  out, 
another  propeller  on  the  opposite  side  shall  succeed  its 
movement,  instead  of  an  adjoining  one.  The  action  of 
these  propellers,  which  we  have  seen,  is  very  beautiAil ; 
a  more  uniform  and  perfect  movement  cannot  well  be  de- 
vised by  simpler  means.  The  annexed  diagram,  fig.  S, 
will  afibrd  a  clear  idea  of  their  action. 

The  large  crank  on  the  left  shews,  at  1,  3,  5,  the  three 
throws  of  the  drivingcrank  on  one  side  of  the  carriage ;  and 
the  small  crank  on  the  right,  the  same  of  the  lifting  crank;, 
the  respective  throws  of  each  crank  are  parallel,  and  they 
continue  so  by  revolving  together;  thp  figures  2, 4, 6,  in- 


aOEDON^  ITeAlf  eABKIAUE. 


termediate  betveeo  the  throws  or  each  crank,  mark  .the 
aituation  of  these  throws  od  the  opposite  side  of  the  car- 
riage.  It  will  now  be  seen  that  the  propeller  marked  I, 
is,  by  the  position  of  the  crank,  being  just  lifted  from  the 
ground,  while  that  marked  2,  (which  is  on  the  opposite 
side)  would,  had  it  been  drawn  in,  be  jusl  commencing  its 
operation ;  then  3  on  this  side,  falls  into  the  position  of  2 
and  I  ;  then  4  on  the  other  side  follows,  and  in  like  man- 
ner, 5  and  6.  Thus  by  the  revolution  of  the  cranks,  the 
feet  ofthe  propellers  are  made  todeicribean  ellipsis;  they 
6rst  touch  at  the  heel,  and  by  their  curved  figure  roll 
round  to  the  toe,  (as  the  carnage  is  thrust  forward)  when 
they  are  drawn  up;  although  this  must  be  their  motion,  it 
could  not  be  perceived  when  a  carriage  was  moving 
rapidly ;  they  would  appear  just  to  touch  the  ground,  at 
considerably  greater  distances  than  the  actual  space  be- 
tween the  propellers,  owing  to  the  impulse  given  to  the 
carriage,  by  each  successive  push. 

It  has  been  stated,  that  if  one  of  these  propellers  were 
to  be  forced  against  the  perpendicular  side  of  a  stone 
firmly  imbedded  in  the  road,  a  breakage  of  the  propeller 
most  be  the  result ;  but  it  appears  to  us,  that  if  the  propel- 
lers are  as  strong  au  their  construction  would  lead  us  to 
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sappoge  they  are,  the  only  effect  of  aiich  a  eircutostance 
would  be  to  give  the  carriage  an  inoreaaed  impetus* 

The  power  required  to  give  motioti  to  a  carriage^  is  ia 
proportion  to  the  force  of  gravitation  which  keeps  it  at 
rest*  When,  however,  that  force  is  overcoqie,  the  mo- 
mentum given  woald  be  continued,  but  for  the  friction 
and  the  resistance  of  the  bodies  moved  through.  This 
will  account  for  the  rapid  travelling  of  our  ordinary 
stage-coaches;  the  momentum  having  been  given,  th^ 
force  requisite  to  continue  their  motion  is  cpniparatively 
small.  In  Mr.  Gordon's  locomotive  carriage,  the  impulse 
is  given  under  nearly  similar  circumstances  to  those  of 
stage-coaches  drawn  by  horses;  consequently,  the  effect 
will  be  nearly  the  same.  A  carriage  was  constructed  on 
the  aforesaid  plan,  and  some  experiments  made  with  it, 
which,  though  not  so  successful  as  was  expected,  proved 
the  feasibility  of  the  project ;  the  steam  power  provided 
was  found  inadequate  to  produce  the  required  velocity  of 
motion. 

Patent  Steam  Carriage^  by  Mr.  Goldsworthy  Oumeyy  qf 

Argyk  Street.    1828* 

The  following  is  a  description  of  Mr.  (Burney'^s  mc^a 
recent  combinations,  which  have  formed  the  subject  of  4 
second  patent,  in  1828.  The  new  carriage  differs  but 
little  from  the  former  one  in  its  external  appearance;  by 
a  reference  to  the  description  of  which,  whilst,  perusing 
the  subjoined  account  of  the  new  arrangements,  Xh0  reader 
will  be  able  to  form  a  correct  idea  of  the  whole.  ThA 
principal  novelties  are  the  following  :— 

The  coachman,  or  conductor,  occupies  the  front  seat 
over  the  fore-boot  of  the  carriage,  the  lower  seat  being 
removed.  The  four  chimneys  of  the  former  carriage  are 
substituted  for  a  single  one  of  great  width.  The  water- 
tank,  instead  of  being  above  the  perch,  and  extending  the 
whole  length  of  the  carriage,  is  now  f^laced  below;  the 
perch,  and  lies  between  the  fore  and  hind  wheels.  The 
propellers  are  removed  entirely.  A  blowing  machine  is 
introduced,  for  maintaining  a  sharp  draught  in  the  fur- 
»4.  4  A 
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nace,  which  is  worked  by  a  separate  cylinder  from  those 
employed  id  propelling  the  carriage.  A  mode  of  heating 
the  water  before  it  is  admitted  into  the  boiler,  and  an  ad« 
ditional  force-pump  unconnected  with  the  engine^  to  be 
worked  by  hand,  to  throw  in  an  increased  supply  of  water 
into  the  boiler  whenever  needed,  are  also  adopted. 

The  coach,  in  its  form  and  accommodations,  bears  a 
close  resemblance  to  the  stage-coaches  at  present  in  use. 
It  has  a  fore  and  hind  boot,  on  which  are  seats  for  the 
passengers,  and  a  box  in  front  for  the  coachman,  with 
room  for  a  passenger  beside  him.  The  body  of  the  car- 
riage is  supported  upon  three  parallel  perches,  extending 
its  whole  length;  the  hinder  part  hangs  upon  springs, 
fixed  upon  the  perches,  immediately  over  the  axis  of  the 
hind  wheels,  and  the  fore  part  is  placed  upon  iron  sup- 
ports on  the  perches. .  The  carriage  runs  upon  six  wheels, 
a  small  pair,  called  the  pilot*wheels,  being  placed  in  front 
for  guiding  the  vehicle;  these  are  connected  to  the  ordi- 
nary fore  wheels  of  the  carriage  by  a  small  curved  perch, 
which  admits  the  axle  of  the  former  being  placed  oblique 
to  the  latter,  by  the  turning  of  a  lever,  fitted  on  to  the 
upper  extremity  of  an  upright  spindle,  which  is  attached 
to  the  axletree.  The  hinder  extremity  of  this  small  perch 
is  attached  to  an  iron  frame  supported  upon  springs,  that 
are  fixed  on  the  axletree  of  the  fore  wheels;  a  little  be* 
fore  the  axletree,  a  strong  pin  passes  through  the  small 
perch  and  the  centre  main  perch,  which  serves  as  a  centre 
of  motion  to  the  small  perch,  so  that  the  pilot-wheels 
being  placed  obliquely,  the  perch  turns  upon  the  pin,  and 
the  fore  wheels  of  the  can*iage  with  it.  When  not  acted 
upon  by  the  steering  lever,  the  pilot-wheels  are  main- 
tained at  right  angles  to  the  perch  by  means  of  springs. 

The  blowing  machine  is  placed,  as  beforementioned,  in 
the  fore  boot;  it  consists  of  a  fly  of  five  vanes,  that  re- 
volve on  a  vertical  spindle,  similar  to  a  winnowing  ma- 
chine, but  in  a  reversed  position ;  this  apparatus  is  worked 
by  a  small  horizontal  steam  cylinder  placed  beneath,  on 
the  frame  of  the  carriage.  The  piston  rod  of  this  cylinder 
is  connected  to  a  crank  on  the  axis  of  a  fly-wheel,  revol- 
ving in  a  horizontal  direction  above;  and  to  the  same 
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crank  is  attached,  by  an  intermediate  rod,  the  plunger  of  the 
force-pump,  which  injects  the  water  into  the  boiler.  The 
steam  engine  thus  drives  the  blowing  machine  and  the 
force-pump,  the  fly-wheel  serving  to  equalise  the  motions 
of  both.  The  connexion  between  the  blowing  machine 
and  this  steam  cylinder  is  thus  arranged :  on  the  vertical 
axis  of  the  fly-wheel  are  fixed  small  band-wheels  or  pul- 
leys, of  different  diameters,  and  on  the  vertical  spindle  of 
the  blowing  machine  are  fixed  other  pulleys,  which  being 
connected  to  the  former  by  an  endless  band,  are  driven 
round  with  them;  the  varied  sizes  of  the  pulleys  enabling 
the  engineer  to  force  the  air  through  the  machine  with 
any  required  rapidity.  The  air  enters  the  blowing  ma- 
chine at  the  bottom  of  the  circular  box,  wherein  the  vanes 
revolve,  and  is  forced  out  at  the  side  into  a  broad  flat 
tube,  called  the  ^^air  passage,*'  which  leads  under  the 
jbody  of  the  coach  into  the  ash-pit  of  the  furnace. 

This  boiler,  which  is  placed  in  the  hind  boot,  consists  of 
two  or  three  series  of  pipes  of  an  inch  bore,  bent  into  the 
form  of  a  horse-shoe,  and  supporting  the  fire-grate  at  their 
upper  and  lower  extremities,  with  two  horizontal  tubes 
of  larger  dimensions,  into  which  the  open  ends  of  the  be- 
fore-mentioned smaller  bent  tubes  enter  and  are  fixed; 
and  the  two  large  horizontal  tubes  are  connected  by  a 
series  of  ten  open  vertical  pipes.  The  whole  of  the  bent 
tubes,  the  lower  straight  horizontal  tub^,  and  the  half  of 
the  upper  one,  (which  may  be  termed  a  steam  reservoir,) 
are  kept  filled  with  water.  From  the  top  of  the  steam 
chamber  proceed  two  curved  pipes,  which  enter  two  large 
vertical  tubes  of  strong  plate-iron,  strengthened  by  hoops 
externally;  these  last  are  called  separators;  they  com- 
municate at  their  lower  ends  with  the  boiler,  and  at  their 
upper  ends  by  a  connecting  tube,  from  which  a  branch 
enters  the  chimney,  and  passing  over  the  top  and  down 
the  back  of  the  furnace,  is  carried  through  the  air  pas- 
sage, along  through  the  fore  boot,  and  back  again,  as  far 
as  the  centre  of  the  carriage,  where  it  is  connected  with 
two  horizontal  cylinders,  firmly  secured  between  the 
main  perches,  and  serving  to  give  motion  to  two  cranks 
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on  the  axis  of  the  hind  wheels^  by  which  means  the  car« 
riag^e  is  impelled. 

The  steam  is  worked  expansively,  being  shot  off  at  half 
the  stroke  by  means  of  a  slide  valve,  the  rod  of  which  is 
worked  by  a  cam  on  the  axis  of  the  hind  wheels.  The 
slide  valves,  by  which  the  steam  is  admitted  to  the  cylin- 
ders, are  worked  by  a  lever,  on  the  axis  of  which  is  fixed 
an  elliptical  ring;  and  to  reverse  the  motion,  a  line  is 
attached  to  the  rod,  and  placed  within  reach  of  the  coach- 
man; by  pulling  this  line,  the  pin  is  brought  into  the 
upper  notch,  and  the  motion  of  the  carriage  thereby  re- 
versed. 

Beneath  the  main  perches  is  placed  the  tank,  for  the 
supply  of  the  boiler;  it  communicates  (by  pipes  from  its 
lower  part,)  with  the  force-pump  beneath  the  fore  boot, 
and  also  with  a  small  forcer  placed  within  reach  of  tfie 
fire-man,  who  sits  behind  the  boilers.  Immediately  above 
the  tank  is  a  flat  vessel,  through  which  the  steam  passes 
from  the  eduction  pipe,  and  thence  by  another  pipe  into 
the  chimney. 

The  pipe  from  the  force-pump  passes  through  the  air« 
chamber,  and  forming  a  coil  above  the  horse-^boe  tubes, 
delivers  the  water  into  the  upper  part  of  the  steam  cham- 
ber. The  supply  from  the  pump  may  be  diminished  by 
partially  opening  a  small  cock,  which  allows  a  portion  ot 
water  to  return  to  the  tank. 

Any  part  of  the  preceding  accotint  that  may  appear  ab- 
struse to  the  reader,  will  be  rendered  perfectly  clear  by 
an  inspection  of  the  subjoined  engraved  vertical  sec- 
tion of  the  machine,  together  with  a  reference  to  the  fol- 
lowing explanatory  letters. 

a  a  a,  a  series  of  small  tubes,  in  two  or  more  ranges, 
forming  the  boiler,  the  interior  range  serving  to  support 
the  fuel ;  these  tubes  are  connected  with  b  6,  two  larger 
tubes,  the  upper  one  forming  a  steam  chamber;  c^  one  of 
a  range  of  tubes  connecting  b  b  together;  cf,  one  of  the 
two  separators,  connected  with  6  6  by  two  curved  pipes; 
e  e  Cf  steam  pipe  proceeding  from  the  tipper  part  of  the 
separator,  and  passing  down  through  the  chimney  and 
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beneath  the  body  of  the  carriage  into  the  fore  boot, 
whence  it  descends  to  /,  the  cylinders  which  propel  the 
carriage  by  means  of  cranks  g^  on  the  axis  of  the  hind 
wheels ;  A,  an  eccentric,  which  works  the  slide-valve  t,  by 
a  lever  turning  on  its  centre,  and  to  the  extremities  of 
which  lever  an  elliptical  ring  jfc,  is  attached ;  //,  aline, 
fastened  at  one  end  to  an  eccentric  rod,  and  at  the  other 
end  to  a  short  lever  in  the  fore  boot,  which  may  be 
elevated  by  means  of  the  lever  m;  this  raising  the  eccen- 
tric rod,  causes  the  pin  in  its  extremity  to  act  upon  the 
upper  side  of  Jr,  and  thus  reverses  the  motion  of  the  car- 
riage; n,  lever  for  regulating  the  throttle-valve  o;  p, 
eduction  pipe,  opening  into  a  flat  chamber  g,  in  which  the 
steam  expands,  and  thence  passes  through  the  waste  pipe 
r  Tj  into  the  chimney  s  s;  t^  tank  for  water ;  u,  force-pump, 
supplied  by  the  suction  pipe  t;,  and  forcing  the  water 
through  the  pipe  xxx^  (which  forms  a  coil  above  the 
boilers,)  into  the  tubular  boilers  aaa\  y,  a  stop-cock,  by 
which  the  supply  from  the  force-pump  is  regulated,  any 
requisite  portion  being  allowed  to  return  into  the  tank ; 
z,  seat  for  the  fire-man;  1,  a  blowing*machine,  or  frame 
driven  by  bands  from  the  axis  of  the  fly-wheel  2,  which  is 
worked  by  a  small  engine  3,  serving  also  to  work  the 
force-pump  u\  4t  ^  4ij  steam  pipe,  supplying  the  engine  3; 
5  5,  air-channel,  leading  from  the  blower  to  the  furnace; 
6,  guide-wheels,  which  may  be  placed  obliquely  to  the 
perch  8,  by  the  lever  7;  9,  centre  of  motion  on  which  the 
perch  8  turns,  thus  turning  the  fore  wheels,  on  the  axis  of 
which  are  springs  that  support  the  fore  part  of  the  coach; 
11,  force-pump,  to  supply  the  boilers,  in  case  the  water  is 
too  low  to  be  worked  by  the  flre-man. 

Patent  Steam  Phaeton,  by  Dr.  Harlandy  of  Scarborough. 

1828. 

The  improvements  contemplated  by  Dr.  Harlatid,  are 
stated,  in  his  specification,  to  consist,  first,  in  the  construc- 
tion of  a  boiler,  by  which  a  very  large  surface  of  the  fire 
and  flue  will  be  placed  in  contact  with  the  water,  for  the 
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rapid  production  of  steam ;  secondly,  in  the  employment 
of  a  condenser,  which,  by  its  extensive  surface,  shall  con* 
dense  the  steam  by  the  influence  of  the  atmosphere; 
thirdly,  in  a  mode  of  fixin^i^  the  working  cylinder,  without 
.allowing  it  to  yibrate  in  hollow  arms  or  trunnions. 

a  a,  represents  the  bed  of  the  carriage ;  6  1  and  6  2,  the 
boiler,  composed  of  two  double  cylinders,  b  1  containing 
the  fire-gt*ate  and  ash-pit,  and  the  cylinder  6  2  containing 
another  double  cylinder ;  so  that  there  are,  in  fact,  three 
double  cylinders,  each  full  of  water,  and  communicating 
with  the  reservoir  and  steam  chamber  c,  which  must  be  of 
sufficient  capacity  to  keep  the  boilers  supplied  during  the 
period  of  one  stage,  and  so  that  they  be  always  full ;  d,  is 
the  chimney;  e,  a  damper,  by  which  the  boiler  b  2,  may 
occasionally  be  withdrawn  in  part  from  the  action  of  the 
fire;  /,  is  a  spherical  vessel  on  the  top  of  the  reservoir,, 
the  object  of  which  is  to  prevent  the  water  thrown  up 
with  the  steam  being  driven  with  the  steam  into  the  pipe 
gy  which  conveys  it  to  the  working  cylinder  h;  this  cylin* 
der  is  secured  horizontally  to  the  bed  of  the  carriage,  and 
having  guides  extending  from  end  to  end,  in  which  side- 
rods,  attached  to  the  cross  on  the  piston  rod,  move,  and 
carry  with  them  the  connecting  rod  jfc,  which  turns  the 
crank  /;  this  crank  has  on  its  axis  a  toothed- wheel  m,  and 
revolves  on  bearings  placed  on  the  bed  of  the  carriage. 
The  carriage  receives  its  impulse  from  the  engine  upon 
the  hind  wheels;  the  axis  of  these  carry  small  tooth- 
wheels  fi,  which  gearing  into  m,  receive  their  motion  and 
thereby  turn  round  the  running  wheels.  Arrangements 
are  made  by  the  patentee  for  throwing  the  toothed- wheels 
m  and  n  out  of  gear,  and  bringing  into  operation  another 
pair  of  wheels  on  the  same  axles,  when  additional  power 
is  wanted;  but  the  apparatus  for  this  purpose  is  not 
brought  into  view  in  the  engraving,  to  prevent  confusion. 
At  o  is  an  eduction  pipe,  leading  to  a  series  of  tubes  p, 
which  are  denominated  the  condensing  chambers,  and 
may  be  used,  either  alone  or  in  conjunction  with  water,  to 
condense  the  steam  on  leaving  the  cylinder;  q,  is  a  pipe 
for  conducting  the  hot  water  and  uncondensed  steam  into 
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into  a  i^lolHilar  vessel  r,  connected  vittfa  an  additional 
series  of  condenrinji^  pipes  i,  of  an  annular  form,  and  cob* 
nected  with  each  other  b>  nhort  pipes ;  I  is  a  pipe  for  re* 
taming  the  condensed  water  from  r  to  the  boiler,  by  the 
aid  of  a  small  force  pnmp.  v  is  a  forked  rod  attached  to 
the  steering  wheel  Xy  and  descending  iato  holes  in  the 
arms  of  the  fore  wheels,  and  having  liberty  to  move  sp 
and  down,  according  with  the  inequalities  of  the  road; 
the  vertical  standard,  upon  which  the  upper  steering 
wheel  X  is  fixed,  also  forms  the  centre  of  motion  to  the 
arms  of  the  fore  wheels,  and  is  thereby  made  to  direct 
them  in  their  course. 

The  advantages  contemplated  by  Dr.  Harland  in  these 
arrangements,  will,  we  fear,  not  be  realised.  In  the  con* 
struction  of  the  boiler,  there  is  nothing  upon  which  we  can 
congratulate  him.  The  attempt  to  condense  the  steam 
has  been  long  since  abandoned  by  those  who  have  had 
the  most  experience  on  the  subject;  it  is  evidently  tmprao* 
ticable  to  carry  auiScient  water  to  effect  even  a  tolerable 
condensation ;  the  conducting  power  of  the  air  is  much 
too  slow  for  the  abstraction  of  the  heat,  and  it  shonld  be 
considered  that  the  air  which  is  liberated  from  the  boiling 
water,  would  require  a  pump  to  draw  it  off,  which  would 
add  complexity  to  the  machinery.  With  regard  to  the 
mode  of  fixing  the  cylinder,  it  differs  but  little  from  that 
adopted  by  Mr.  Gumey.  The  mode  of  communicating 
the  power  to  the  wheels  is  extremely  defective,  for  it  will 
be  observed  that  the  driving  toothed-wheels  m  ajre  (in 
effect)  mounted  upon  the  springs  of  the  carriage,  above 
the  driven  toothed-wheels  n,  by  which  means  they  will  be 
continually  liable  to  be  thrown  out  of  gear  by  the  motion 
of  the  carriage,  and  the  teeth  will  be  liable  to  break  from 
the  same  cause. 

Patent  Method  of  Propelling  Carriages^  6y  Mr.  J.  Holland. 

London^  1828. 

This  invention  consists  in  the  application  of  an  arrange- 
ment of  levers,  similar  to  that  commonly  known  by  the 
name  huqf^tongsj  for  the  purpose  of  propelling  carriages. 
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The  objects  appear  to  be,  to  derive,  from  the  reciprocatiog 
motion  of  a  short  lever,  a  considerable  deg^ree  of  speed, 
and  to  obtain  an  abutment,  against  which  the  propellers 
should  act  horizontally  in  the  direction  of  the  motion  of 
the  carriage,  instead  of  obliquely  to  that  motion,  as  is  the 
case  when  carriages  are  impelled  by  levers  striking  the 
earth.  The  drawings  attached  to  the  specification  seem 
designed  rather  to  explain  the  principle,  than  to  represent 
what  the  patentee  would  deem  an  eligible  form  of  its  ap« 
plication. 

.  a  is  one  of  the  main  wheels  of  the  carriage;  attached 
\  the  axle  is  a  long  guide-rod  b  5,  extending  before 
and  behind,  and  passing  through  holes  in  the  blocks  c  c, 
placed  over  the  beds  of  the  propelling  wheels  dd;  e  e  are 
double  palls,  acting  against  two  sets  of  ratchet  wheels  on 
the  boxes  of  d  d;  ff  standards  attached  to  the  beds  or 
axles  of  d  d,  and  serving  to  place  them  in  any  required 
position,  by  means  of  the  wheels  at  the  top  of  them ;  g  g  b. 
series  of  expanding  levers,  the  central  pair  playing  upon 
the  main  axle ;  A  A  a  pair  of  longer  bars,  connected  with 
the  two  bars  9  9  at  their  lower  ends,  and  with  each  other 
at  their  upper  ends  by  a  bar,  shown  by  dots,  between  two 
uprights;  the  fulcrum  /,  a  lever  connected  by  a  rope  m, 
with  n,  a  counterweight,  supported  by  two  short  bars  o  o, 
suspended  from  the  lower  ends  of  two  of  the  bars  gg.  p,  a 
fly-wheel,  connected  with  the  upper  extremities  of  the 
bars  A  A,  which  rise  and  fall  in  grooves,  in  the  upright 
post  9,  the  fly  serving  to  equalise  the  motion,  r  the  plat- 
form or  carriage. 

The  action  is  as  follows : — Suppose  the  apparatus  in  the 
position  shown  in  the  engraving ;  allow  the  weight  n  to 
descend,  and  the  levers  g  g  will  collapse ;  but  as  the  wbeeb 
d  d  can  only  revolve  in  the  direction  of  the  arrow,  on 
account  of  the  palls  e  €,  the  wheel  d  1  will  remain  sta- 
tionary, and  the  wheel  d,  and  the  main  wheel  a,  will  be 
drawn  towards  d  1.  On  raising  the  weight,  the  levers  g  g 
will  be  extended,  and  g  8  now  becoming  stationary,  the 
centre  wheel  a  and  d  1,  will  he  pushed  forward  from  d  2. 
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Several  of  the  before-mentioned  undertakings  to  con- 
struct locomotive  carriages  for  the  common  road  have 
either  ceased  or  been  suspended,  owing  to  a  deficiency  of 
funds  to  continue  their  experiments ;  other  undertakings 
have,  however,  been  commenced^  and  there  are  indications 
of  many  more  candidates  for  the  high  honour  of  accom- 
plishing this  greatest  of  all  mechanical  works.  Among 
those  which  have  been  suspended,  that  which  Sir  James 
Anderson  and  Mr.W.  H.  James  were  concerned  in,  we  have 
had  repeated  opportunities  of  observing  most  of  the  diffi- 
culties successively  surmounted,  and  such  a  system  of 
machinery  introduced^  as  bids  fair  to  realise  success. 

It  was  in  March,  1824,  that  Mr.  W.  H.  James,  of  the 
above  firm,  took  out  patents  for  a  steam  carriage,  the 
principal  arrangements  of  which  are  already  described  at 
page  529 ;  but  it  was  not  until  three  or  four  years  after- 
wards that  he  was  enabled  to  reduce  his  theories  to  prac- 
tice, by  the  construction  of  a  complete  machine,  the 
interim  being  chiefly  employed  in  the  construction  of 
boilers  and  engines  suited  to  locomotion  on  the  conmum 
roady — a  task  found^  by  experience,  to  present  many  un- 
foreseen difficulties. 

Having  at  length  obtained  the  command  of  a  great 
power,  in  a  very  small  space,  embracing  perfect  safety 
from  explosion.  Sir  James  C.  Anderson,  Bart,  of  Butte- 
vant  Castle,  Ireland,  connected  himself  with  Mr.  James 
in  the  building  of  carriages.  Those  who  have  not  had 
the  opportunity  (like  us)  of  watching  the  progress  of  an 
undertaking  of  this  kind,  cannot  well  conceive  the  nume- 
rous delays  that  take  place,  from  various  causes,  unneces- 
sary to  explain.  For,  however  well  digested  the  leading 
arrangements  may  appear,  improvements  are  continually 
suggesting  themBelvM,  so  as  to  make  it  an  almost  constant 
doing  and  undoing,  for  a  considerable  period  of  time.  In 
a  machine  necessajrily  consisting  of  numerous  parts,  many 
combinations  are  required  to  produce  certain  effects, 
which  have  never  been  tried,  and  wikh  cannot  be  tried, 
until  the  whole  apparatus  be  put  together.  Let  the  reader 
'now  reflect  what  is  the  nature  of  that  trial,  and  how  very 
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different  it  is  from  that  of  a  carriage  moying  upon  the 
hard  and  almost  perfect  plane  of  an  iron  railway,  which 
allows  the  wheels  to  roll  with  undeviating  regularity,  and 
with  only  a  very  slight  resistance*  On  the  common  paved 
and  gravelled  road,  the  varieties  of  the  surface  cause  a 
constant  succession  of  violent  concussions  and  vibrations 
of  the  machinery/ rendering  those  parts  that  are  connected 
liable  to  be  strained  or  broken,  and  those  that  work  near 
together,  to  strike  or  rub  against  each  other.  In  every 
experiment  some  defect  is  discovered ;  then  the  alteration 
of  one  part  generally  entails  the  alteration  of  another,  and 
each  successive  alteration  is  scarcely  made,  than  the 
active  mind  of  the  inventor  discovers  something  better, 
and  another  arrangement  of  parts  is  the  result.  Thus, 
while  improvement  succeeds  improvement,  time  proceeds, 
which  induces  those  persons,  who  know  nothing  what* 
ever  of  the  subject,  but  who  wish  to  appear  sagacious,  to 
assert  success  to  be  impossible^  and  to  ridicule  every 
attempt  to  attain  it.  It  happens,  too,  sometimes,  that  de- 
terioration, instead  of  improvement,  takes  place  by  the 
successive  alterations,  and  thus  the  original  strongly-framed 
machine  gets  cut  to  pieces,  and  requires  numerous  patck- 
ings  and  bracings,  that  do  not  confer  an  adequate  strength 
to  compensate  for  the  increased  weight. 

A  four-wheel  locomotive  carriage,  possessing  all  these 
disadvantages,  and  weighing  nearly  three  tons,  was 
started  on  the  5th  March,  1829,  on  Epping  Forest.  This 
ponderous  mass  of  iron  and  wood  was  provided  with 
two  working  cylinders  of  only  df  inches  in  diameter,  the 
power  of  which  was  applied  to  the  hind-wheels.  The 
steam  was  supplied  by  two  tubular  boilers,  each  forming 
(by  the  arrangement  before  described)  a  hollow  cylinder, 
four  feet  six  inches  long,  with  an  internal  diameter  of  one 
foot  nine  inches,  where  the  fire  was  made.  With  this 
apparatus  the  carriage,  loaded  with  fifteen  passengers, 
was  propelled  several  miles  on  a  rough  gravelled  road, 
across  Epping  Forest,  with  a  speed  varying  ftom  twelve 
to  fifteen  miles  the  hour.  It  should  here  be  observed  that 
the  tubes  of  which  the  boilers  were  composed,  were  the 
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common  gas  h(ie«,  in  which  the  seams  are  formed  by  brings 
ing  the  edges  together,  where  they  are  welded.  This  pro- 
cess of  welding  is  effected  by  machinery  with  great  rapidity, 
and  although  it  answers  very  well  for  cold  gas  at  the 
ordinary  pressures,  is  not  adapted  for  sustaining  the  pres- 
sure of  very  high  steam,  together  with  the  effects  of  the 
Are,  and  was  only  employed  in  the  present  instance  as  a 
temporary  experiment,  which  also  proved  its  inadequacy,  by 
the  seams  of  one  of  the  tubes  opening,  and  letting  the  water 
out  of  one  of  the  boilers,  extinguishing  its  fire  and  reducing 
the  intensity  of  tlie  other,  there  being  a  communication 
between  them.  Thus  circumstanced,  with  only  one 
boiler  in  operation,  the  carriage  returned  home,  at  the  rate 
of  about  seven  miles  an  hour,  carrying  more  than  twenty 
passengers, — at  one  period,  it  is  said,  a  much  greater  num- 
ber ;  shewing  that  sufficient  steam  can  be  generated  in 
such  a  boiler,  to  be  equal  to  the  propulsion  of  between 
five  and  six  tons  weight. 

In  consequence  of  this  flattering  demonstration  that  the 
most  brilliant  success  was  attainable,  the  proprietors  dis- 
mantled the  carriage,  and  commenced  the  construction  of 
superior  tubular  boilers,  in  which  the  tubes  were  of  the 
same  internal  diameter  (one  inch),  but  of  greater  strength, 
being  three-sixteenths  of  an  inch  thick,  and  the  seams  wel- 
ded with  a  good  overlap.  Here,  however,  a  new  source  of 
vexation  took  place,  from  the  proprietors  not  being  prac- 
tically experienced  in  the  quality  of  iron  proper  for  such 
purposes,  which  should  be  either  the  very  best  charcoal 
iron,  or  a  quality  similar  to  that  manufactured  by  Messrs. 
Adams,  of  ^^  Wednesbury  Forge,**  and  distinguished  by 
the  term  best  box^plates^  being  used  for  making  the  wrought 
iron  boxes  to  coach  wheels.  Iron  of  this  kind  is  so  exceed- 
ingly tough  and  malleable,  as  to^^  work  like  lead**  (assmiths 
significantly  describe  it),  under  the  hammer.  The  ^^  best 
London  scrap,*'  the  ^^BB,**and  many  other  sorts,  that 
are  recommended  by  dealers  as  of  ^^  superior**  quality,  are 
decidedly  unfit  for  making  tubular  high-pressure  boilers, 
wherein  the  tubes  are  much  bent.  Every  boiler  manu- 
factured by  Messrs.  Anderson  and  James,  of  other  hinds 
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of  iron  than  those  above  recommended  by  us,  failed  ;  that 
is  to  say,  fissures  were  either  opened  in  the  bending  of  the 
tubes  to  the  required  form,  or  were  subsequently  opened 
in  the  working  of  the  boilers,  so  as  to  render  them  unfit 
for  the  object  designed.  From  these  causes,  great  delays 
and  expenses  were  incurred,  and  it  was  not  until  the 
month  of  November  1829,  that  asmall  carriage  was  brought 
out,  represented  by  the  sketch  on  the  preceding  page. 

The  figure  exhibits  a  side  elevation,  and  from  its  diroi* 
nutive  size,  (as  shown  by  the  scale)  was  not  intended  to 
carry  any  inside  passengers,  but  to  be  employed  to  drag 
another  carriage  behind  it.     The  boilers,  four  in  number, 
were  wholly  of  wrought-iron  tubes,  three-fourths  of  an 
inch  in  diameter ;  and  although  on  the  same  principle  as 
Mr.  Janes's  boiler,  previously  described,  the  form  of  each 
(instead  of  circular,)  was  that  of  an  oblong  ellipse,  in  an 
upright  position,  for  the  purpose  of  getting  as  large  a 
surface  of  metal  as  possible  exposed  to  the  heat  of  the  fur- 
nace ;  as  by  this  arrangement,  nearly  two  hundred  tubes, 
measuring  upwards  of  four  hundred  feet,  were  inclosed 
in  a  space  four  feet  wide,  three  feet  long,  and  two  feet 
deep,  including  the  furnaces,  (which  were   inside   the 
boilers),  besides  the  flues  and  ash-koles.    The  steam  from 
each  of  the  boilers  was  conducted  into  one  very  strong 
tube  abora,  of  an  inch  and  a  half  diameter,  to  supply  the 
engines;  each  of  the  pipes  of  communication  to  it  being 
provided  with  stop  cocks,  to  cut  ofi^  the  communication  of 
any  boiler  that  might  become  unserviceable  by  leakage, 
without  afiecting  the  pressure  on  the  other  boilers.     The 
power  was  applied  through  the  medium  of  four  working 
cylinders,  which  might  be  considered  as  separate  engines, 
being  fitted  so  as  to  work  independently  of  each  other, 
although   they  might  more  properly    be  considered  as 
pairs,  each  pair  acting  upon  a  distinct  crank,  (the  throws 
of  which  were  at  right  angles  to  each  other,)  that  gave 
motion  to  its  respective  hind  wheel,  on  the  principle 
described  at  page  531.    These  cylinders  were  only  a  foot 
long,  three  inches  and  a  half  outside,  and  two  inches  and 
a  quarter  inside,  diameter;   the  pistons  were  metallic, 
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making  a  nine^inch  stroke.     The  cylinders  were  posited, 
vertically,  and  vibrated  upon  trunnions,  through  which 
were  made  the  induction  and  eduction  passages,  covered 
by  conical  valves,  forming  an  external  shell  to  the  trun- 
nions, close  to  their  bearings  in  the  plummer  boxes. 

These  engines  were  arranged  at  a,  in  a  row  across  the 
carriage.  The  steam,  after  working  the  engines,  passed 
through  two  copper  tanks,  which  heated  the  water  therein 
to  such  a  temperature  above  boiling,  as  to  melt  the  soft 
solder  externally  upon  the  vessels,  and  rendered  it  neces- 
sary to  substitute  hard  solder;  the  steam  was  carried 
thence  to  the  chimney«funnel  to  escape.  At  c  is  a  door^ 
which  space  across  the  carriage,  and  also  that  at  d,  were 
for  the  use  of  the  man  who  attended  to  the  furnaces  and 
boilers,  besides  being  used  as  a  receptacle  for  fuel;  at  the 
aides,  roof  and  bottom  of  this  room  were  plate-iron 
shutters,  to  afford  constant  draughts  of  air,  as  the  heat 
would  otherwise  become  insupportable.  The  engineer  sat 
on  the  hind  seat  p ;  and  at  €,  over  the  engines,  was  a 
sheet-iron  flap,  like  the  lid  of  a  box,  and  at  /  sliding 
doors,  enabling  the  engineer  to  keep  his  eye  upon  the 
working  parts,  and  by  his  spanners  and  other  tools  to  rec- 
tify, if  required,  any  slight  defect  that  might  take  place ; 
his  situation  likewise  permitting  him  to  give  directions  tu 
the  furnace-man,  and  to  hold  communication  with  the  guide, 
who  sits  on  the  box  9.  At  A  is  the  steering  apparatus, 
consisting  of  an  external  case,  containing  a  vertical  shaft, 
at  whose  upper  end  is  fixed  a  bevelled  pinion,  which  is 
acted  upon  by  a  small  bevelled  wheel  fixed  into  the  axis 
of  the  double-handled  winch  t  t.  By  turning  these 
handles,  therefore,  the  shaft  is  caused  to  revolve,  and 
to  g^ve  motion  to  gear  at  the  lower  extremity,  which 
acts  upon  a  toothed  sector  2,  attached  to  the  fore  axle- 
tree,  and  thereby  turns  the  fore  wheels  into  the  required 
positions.  The  lower  gear,  which  is  contained  in  a  box  it, 
is  adapted  to  increase  the  force  with  a  reduced  motion,  so 
that  the  guide,  who  is  able  to  turn  the  handles  1 1  quickly, 
operates  with  great  energy  upon  the  toothed  sector,  and 
to  overcome  with  facility  the  most  prominent  of  ordinary 
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obstacles  in  the  road,  l^his  guiding  action  being  adaii* 
nbtered  with  a  multiplyiifg  power,  through  the  complex 
medium  of  toothed-wheels,  was  fottnd  to  be  far  more 
eifectual  and  convenient,  than  when  a  long  lever  of  a 
more  simple  form  was  osed ;  besides  that  the  latter  was 
somewhat  dangerous  to  the  guide,  who  was  rendered 
liable  to  receive  severe  blows  by  the  motion  of  the  long 
handle,  when  the  wheels  happened  to  be  turned  aside  by 
the  opposition  of  stones  lying  in  the  road.  At  m  is  a 
lamp,  not  only  useful  for  lighting  the  road  before  the  car* 
riage,  but  serving  also  (as  the  prow  of  a  vessel  to  a  mari- 
ner,) to  steer  by.  The  cbimney-fufinel^  was  made  double, 
the  space  between  the  external  case  it,. and  the  internal 
smoke  flue  o,  being  for  a  current  of  air  to  prevent  the 
otherwise  unpleasant  radiation  of  heat  laterally.  The 
fuel  preferred  was  a  mixture  of  coke  and  wood  charcoal^ 
which  produced  a  good  heat,  and  gave  off  but  little  black 
smoke.  The  motion  was  communicated  to  the  separate 
axles  of  the  hind  wheels  by  spur-gear  of  two  velocities, 
changeable  at  pleasure,  as  the  state  of  the  road  or  other 
circumstances  might  require:  this  gear  was  enclosed  in 
boxes,  as 'shewn  at  A,  and  the  whole  machine  was  placed 
upon  springs,  except  the  guiding  apparatus,-  which  was 
purposely  arranged  otherwise,  as  exhibited  in*  the  engra- 
ving. 

The  body  of  the  carriage  was  pjaced  no  higher  than 
necessary  to  obtain  security  from  overturning,  and  the  most 
perfect  safety  from  personal  danger  by  the  sudden  extrica- 
tion of  steam,  should  it  happen  that  a  tube  were  to  bursty 
which  was  barely  possible. 

In  the  numerous  experiments  made  with  this  carriageji 
in  which  the  wnter  had  an  opportunity  of  riding,  the 
greatest  speed  obtained  upbnf  a  leve),  on  a  very  indifferent 
road,  was  three  miles  in  twelve  minutes,  (which  is  at  the 
rate  of  fifteen  miles  the  hour,)  and  that  traa  the  greatest 
distance  ever  ran  by  it,  without  some  accident  occurring 
to  the  machinery.  The  vibration  of  the  parts,  either 
injured  or  breke  something;  but  what  waa  almost  uni- 
formly the  case,  some  of  the  jotnln.or-  connexions  of  the 
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main  steam  pipe  gave  way,  which  prevented  the  steam 
from  being  conveyed  to  the  working  cylinders^  either  par- 
tially or  wholly,  cau9ing  a  regular  decrjeasing  velocity, 
until  the  waste  of  power,  through  the  increasing  size  of 
the  fissure,  produced  an  entire  stop.  The  'greatest  diffi- 
culty appeared  to  be  to  make  steam-joints  that  would 
sustain  the  high  temperature,  and  the  shocks  and  vibra- 
tions to  which  the  machinery  was  suh^cted  by  the  jolting 
of  the  carriage  over  a  stony  road.  The  proprietors  of 
this  carriage  were,  however,  unfortunate  in  never  getting 
any  work  properly  executed;  and  a  capital  error  was,  in 
our  opinion,  committed  in  crowding  the  machinery  into 
too  small  a  space,  which,  while  it  rendered  accurate  fit- 
ting and  repairs  diflScult,  occasioned  distinct  parts  to  be 
brought  into  injurious  collision  by  the  piotion  of  the 
vehicle. 

We  observed  another  defect  in  Messrs.  Anderson  and 
•James's  carriage,  <of  which  th^  proprietiMrs  were  fully 
sensible,)  that  the  periphery  or  tire  of  the  ruQuing  wheels 
was  much  too  narrow,  being  only  w  inch  a^  a  half.  In 
consequence  of  which,  they  sask  at  least  twice  the  depth 
into  the  ground  they  would  have  done,  hud  their  tires 
(been  double  the  width;  an  acclivity  was  thus  constantly 
being  formed  before  the  wheels,  whidi  they  h^d  to  ascend, 
or  to  continue  the  crushing  operation.  Much  ground,  it 
should  be  observed,  that  will  resist  coropreasion  entirely 
from  a  broad  wheel,  and  allow  the  carriage  to  roll  over 
with  but  comparatively  trifling  resistance,  will  give  way 
under  a  narrow  wheel  loaded  with  a  similar  weight.  The 
chief  disadvantages  of  broad-tired  wheels,  consists  in 
their  augmented  weight,  and  their  greater  liability  to 
encounter  loose  stones  lying  on  the  road*  The  narrower  a 
wheel  is,  the  better,  provided  it  does  not  leave  an  impres* 
sion  in  the  road ;  but  as  wheels  should  be  made  to  suit  all 
the  various  conditions^  the  road  on  which  a  carriage  has 
to  travel,  we  are  disposed  to  think  a  width  of  three  inches, 
to  a  pair  of  wheels  bearing  thirty  hundred  weight,  to  be 
a  good  proportion. 

In  every  experiment    made  with   this    carriage^  the 
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failure  of  effecting  all  that  was  expected,  could  unitormly 
be  traced  to  some  evident  cause ;  and  we  believe  it  will 
generally  be  found,  that  those  individuals  who  have  had 
the  most  experience  in  undertakings  of  this  kind,  see 
nothing  of  an  insuperable  nature  in  the  obstacles  that 
have  hitherto  presented  themselves. 

At  the  present  time,  (September  1830,)  there  are  five  or 
six  different  steam  coaches,  for  the  common  road,  in  the 
course  of  building  and  experimenting;  amongst  which, 
one  belonging  to  Mr.  Hancock,  of  Stratford,  Essex,  and 
another  to  Messrs.  Ogle  and  Summers,  have  made  very 
frequent  and  favourable  indications  of  ultimate  success. 
It  formed  a  part  of  our  plan  to  include  a  description  of 
the  last-mentioned  locomotives  in  this  place ;  existing 
circumstances,  however,  preclude  that  being  now  done,  but 
should  an  Opportunity  be  soon  afforded  to  us  of  inspecting 
the  carriages,  a  description  of  them  will  be  given  at  the 
close  of  this  work,  which  the  reader  can  ascertain  by  con- 
sulting the  index. 

The  steam  engine  is,  however,  not  the  only  locomotive 
power  either  proposed  or  used  for  the  common  road.  Mr. 
Samuel  Brown  has  actually  applied  his  gas-vacuum  en- 
gine (described  at  page  257)  to  the  propelling  of  a  carriage, 
but  the  great  bulk  and  weight  of  his  apparatus^  in  order  to 
produce  the  required  power,  seem  to  render  his  project 
almost  hopeless. 

The  elasticity  of  our  atmosphere  has  been  proposed  to 
be  applied  to  locomotion  in  a  variety  of  ways.  One  of 
these  was  by  employing  heat  to  expand  the  air  in  a  close 
cylinder,  to  operate  upon  a  piston,  and  by  the  subsequent 
action  of  a  cold  medium  to  condense  it. 

Another  mode,  which  has  been  proposed  by  several  in- 
dividuals, is  that  of  employing  atmospheric  air  in  a  highly 
compressed  state.  No  less  than  four  individuals  occur  to 
us,  who  have  recently  taken  out  patents  for  the  same 
invention  (and  we  think  there  are  others  besides),  which 
circumstance  exhibits  in  a  strong  light  the  ignorance  (to 
use  the  mildest  terra)  of  the  patent  agents  concerned.  The 
patentees*  names  alluded   to    are    Medhurst,     Wright, 
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Bombas,  and  Mann.  The  last-mentioned  individual  (Mn 
William  Mann,  of  Effra  Road,  Brixton,  Surrey,)  has  re* 
cently  published  a  lithographic  print  of  his  carriage^ 
of  which  the  reader  will  find  a  drawing,  in  the  fifth  volume, 
new  series,  of  the  Register  of  Arts.  Mr.  Mann  has,  how- 
ever, omitted  to  supply  those  details,  by  which  alone  we 
could  decide  upon  its  feasibility.. 

Mr.  Mann  proposes,  like  his  predecessors,  to  employ  a 
series  of  strong  metallic  recipients,  similar  to  the  cylin«> 
drical  vessels  used  for  portable  gas,  into  which  thirty  or 
more  atmospheres  are  to  be  condensed  by  the  power  of  a 
steam  engine,  water  mill,  or  other  adequate  prime  mover* 
A  sufficient  number  of  these  vessels  are  stowed  in  a 
case  adapted  for  the  purpose,  which  is  to  be  fixed  under- 
neath the  carriage ;  a  tube  communicating  with  all  the 
recipients,  is  to  convey  the  compressed  air  to  two  working 
cylinders,  having  the  apparatus  common  to  high-pressure 
steam  engines,  the  piston  rods  of  which  will  give  motion 
to  a  crank  on  the  axis  of  the  hind  running  wheels.  It 
is  proposed  to  work  expansively,  and  to  vary  the  cutting 
off  the  stroke,  according  to  the  degree  of  elasticity  of 
the  air. 

The  velocity  Mr.  Mann  proposed  to  travel  was  fourteen 
miles  in  the  hour,  which  he  calculates  will  require  two 
thousand  cubic  feet,  of  the  natural  density,  to  propel  a 
carriage  weighing,  with  its  load,  two  tons.  When  the 
roads  are  in  a  bad  state,  it  is  intended  to  charge  the  ves- 
sels with  a  greater  number  of  atmospheres,  to  overcome 
the  increased  resistance. 

The  patentee  states,  that  the  carriage  is  tonstructed  (?) 
to  carry  seventy-five  cubic  feet  of  compressed  air,  which, 
at  a  density  of  thirty-two  atmospheres,  is  sufficient  to 
propel  it  fourteen  miles ;  and  if  the  air  were  compressed  to 
be  equal  to  forty-eight  atmospheres,  that  quantity  would  | 

propel  the  carriage  twenty-three  miles ;  and  if  to  sixty- 
four  atmospheres,  thirty-four  miles*  The  average  cost 
of  the  power  is  calculated  at  one  penny  per  mile ;  that  is, 
if  a  steam  engine  be  employed  to  effect  the  compression 
of  the  air  into  the  recipients,  the  cost  in  coals  of  such 
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steam  power,  to  condense  a  volume  of  air  suiBcient^  by  iti 
subsequent  expansion,  to  propel  a  carriage  one  mile^  is 
one  penny.  Mr.  Mann,  howev^,  must  lutow  that  ilhis 
would  only  form  one  item  in  the  expense  of  working  a 
carriage.  The  proposition  of  propelling  by  a  process  of 
this  kind,  is  certainly  specious,  but  those  who  have  given 
the  subject  their  best  attention,  consider  that  no  firactval 
means  have  yet  been  devised  to  compensiUe  for  tk^  in- 
stantly decreasing  expansiire  force  of  i]i»  air  m  jtfas 
recipients. 

Various  modes  of  employing  tthe  atmosphere  b»  a  kiea* 
motive  power  have  been  {Mit  in  practice  many  years  ago. 
In  Hollaod,  four-wheeled  carriages  wens  propped  by 
the  wind,  more  than  a  hundred  years  sinoe,  by  the  appli- 
cation of  suitable  sails  and  rigging  to  the  oarriage,  but 
the  variableness  in  the  force  as  well  as  direction  of  the 
power,  render  such  a  mode  of  in^i^sport  ineligible,  except 
under  peculiar  circumstances  aAd  localities.  In  .those 
countries  where  the  wind  blows  constantly  in  one  dicectioiiy 
during  a  great  period  of  the  year^  it  requires  no  gift  of 
prophecy  to  foretel'  that  the  iofaabitants  will,  ere  long, 
become  possessed  of  sufficient  mechanical  knowledge,  to 
take  advantage  of  that  cirjcuiastance,  and  make  it  sub^ 
servient  to  their  wants  or  ^pleasures.  It  is  evidently  of 
little  consequence  ^*  which  way  the  wind  blows,*'  provided^ 
it  is  nearly  in  one  line,  (whetjier  east  to  west,  or  west  to 
east)  as  the  motion  may  be  reversed  without  any  material 
loss  of  power,  by  means  of  a  pulley-wheel ;  the  sails  of 
those  carriages  having  the  wind  in  their  favour,  being 
spread,  and  drawing  other  carnages  in  the  opposite  direc- 
tion, with  their  sails  furled.  Of  course,  railways  (and 
especially  Mr.  Palmer's  elevated  single  rail)*  would 
render  such  a  mode  of  communication  across  a  country  of 
the  utmost  efficiency  and  importance. 

The  celebrated  Dr.  Franklin  shewed  many  curious  and 
somewhat  useful  applications  of  the  wind,  through  the 


*  See  a  plan  for  this  purpose,  suggested  by  the  writer,  at  page  114^ 
▼o1.  1,  of  first  series  of  Register  of  Arts. 
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nediam  of  kites;  bot  by  tbe  pateAted  idveDtion  of  Colonel 
Viney,  Bttd  Mr.  George  Pocock,  methodB  have  been  hi' 
troduced  of  regulating  the  force  derived  from  tKe  wind, 
and  of  varying  ita  directitm  so  as  to  apply  it  suceessfutly 
to  the  propulsion  of  a  carriage.  This  traa  proved  by  a 
journey  made  in  1826,  by  the  before-mentioned  gentlemen, 
from  Bristol  to  London,  in  a  carriage  which  they  deno- 
minated a  Charvolant. 


K^i 


Tht  Piatent  Ckarvokmt,  fty  Messrs.  Viney  tf  Pocock.  18S0. 

The  patentees  attach  to  the  car,  or  vessel,  the  cords  of 
one  or  more  kites,  according  to  the  force  of  the  wind  and 
the  resistance  to  be  overcome.  The  kite  a,  fig.  1,  is  jointed 
in  the  middle,  so  that  it  may  be  folded  up,  and  carried  or 
stewed  away  with  greater  facility,  and  that  it  may  be 
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adjusted  so  as  to  present  to  the  wind  a  surface  of  any 
required  dimensions;  this  is  effected  by  the  four  cords, 
bbbby  which  are  brought  together  by  passing  through 
the  dead  eye  c,  whence  they  proceed  to  the  car,  and  are 
arranged  to  the  required  lengths  by  the  persons  therein. 
The  cords  are  also  used  for  regulating  the  direction  of 
the  power;  by  shortening  those  on  the  right  hand,  when 
the  car  is  required  to  be  turned  to  the  right,  and  those 
on  the  left  hand,  when  it  is  required  to  be  turned  to  the 
left.  But  the  charvolant  represented  in  the  preceding 
fig.  2,  is  principally  guided  by  the  T  handle,  and  stem 
e  y,  which  operates  on  the  axis  of  the  fore  wheels,  by 
means  of  an  endless  band  or  cord  passing  about  the  pulley 
fy  fixed  on  the  lower  end  of  the  stem  e/,  and  the  pulley  gj 
fixed  on  the  bed  of  the  axlfvtree  of  the  fore  wheels.  The 
machine  is  stopped,  or  its  motion  retarded,  by  the  drag  k, 
which  is  attached  to  the  perch  by  a  spring,  to  keep  it  off 
the  ground,  till  the  motion  is  required  to  be  retarded  or 
the  car  stopped,  when  its  fluke-end  is  pressed  into  the 
earth  by  the  lever  A,  acting  on  the  connecting  piece  t. 

When  great  power  is  required,  two  or  more  kites  are 
placed  in  succession,  one  behind  the  other,  and  so  attached 
by  cords,  that  whatever  motion  or  direction  is  given  to 
one,  will  be  communicated  to  the  others. 

The  patentees  purposed  to  attach  occasionally  to  their 
car  a  platform  on  small  wheels,  with  the  view  of  carry- 
ing a  pony,  to  be  employed  in  dragging  the  machine 
(which  is  exceedingly  light)  in  cases  where  the  kites  can- 
not be  applied. 

Although  the  arrangements  introduced  or  suggested 
may  contain  many  imperfections,  in  common  with  schemes 
which  have  not  been  corrected  by  experience,  Messrs. 
Yiney  and  Pocock  have  the  merit  of  making  an  important 
step  towards  rendering  this  powerful  agent  of  Nata/e 
serviceable  to  man. 


The  reader  will  observe  that  we  have  hitherto  treated 
only  of  locomotion  as  applied  to  our  common  earth  or 
paved  roads,  an  art  which  may  be  regarded  as  still  in  its 
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itifieincy.  This  is  not  the  case,  however,  with  locomotion 
on  rail-ways^  which  appears  to  have  nearly  attained  matn* 
rity,  and  to  be  rapidly  advancing  towards  perfection 
The  latter,  however,  never  presented  a  tenth  part  of  the 
difficulties  of  the  former,  owing  to  the  rail-road  and  the 
carriage  -being  purposely  adapted  to  each  other.  Those 
rail-road  engines,  of  which  the  public  have  had  such  re- 
markable accounts  of  their  performances,  do  not  possess  a 
power  adequate  to  propel  them  a  mile  in  an  hour  on  'the 
common  road ;  probably,  not  sufficient  to  move  them  at  alL 

Previously  to  our  giving  an  account  of  the  rail* way  loco- 
motive  engines  lately  introduced,  it  is  necessary  that  the 
reader  should  be  informed  of  the  nature  of  the  surfaces 
on  which  they  are  made  to  operate,  as  therein  consists  one 
of  the  principal  causes  of  the  eftects  produced.  The  rail 
and  the  carriage  may,  in  fact,  be  considered  as  two  parts 
of  the  same  machine,  as  the  one  is  inoperative  without  the 
other.  Under  this  view  of  the  matter,  we  annex  a  brief 
historical  and  mechanical  description  of  the  various  kinds 
of  rail-ways  introduced,  as  strictly  belonging  to  this  sec- 
tion of  the  Appendix. 

There  are  three  distinct  kinds  of  rail-ways,  namely, 
-edge^  tram^  and  gtupension.  The  oldest  and  most  exten- 
sively adopted  plan,  consists  in  laying  rails  of  wood  or 
iron  for  the  use  of  carriages,  with  guiding  flanges  on  the 
wheels ;  these  are  now  termed  edge  rail-roads,  in  conse- 
quence of  the  iron  rails  being  narrow  and  deep. 

Edge  rail'Ways  were  first  constructed  of  wood  in  the 
neighbourhood  of  Newcastle,  for  the  purpose  of  convey- 
ing coals  to  the  side  of  the  river  Tyne ;  and,  occasionally, 
these  wooden  rails  were  covered  with  plates  of  wrought- 
iron,  in  the  parts  liable  to  mucb  wear.  In  adopting  cast- 
iron  for  rails  in  the  same  neighbourhood,  the  same  kind 
of  wheels  and  the  essential  structure  of  the  rails  were 
preservers,  the  sole  difference  being  in  the  circumstances 
which  the  use  of  a  new  material  rendered  necessary. 
Figs.  1,  2,  and  3,  annexed,  show  the  side-view,  the  plan, 
and  the  cross  section  of  a  cast-iron  edge«rail,  of  the  form 
which  's  adopted  in  the  best  rail-ways  on  the  banks  of  the 
25.  4  D 
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Tyne  and  Wear.  The  waggons  run  upon  the  roiunded 
edge  of  the  rail,  which  is  smooth,  and  laid  as  evenly  and 
regularly  as  ponible.  The  length  of  these  rails  is  usually 
three  Teel,  with  a  depth  of  about  four  inches  and  a  half 
in  the  middle,  and  breadth  of  the  top  two  inches;  but  in 
some  raiL-wa^-s  the  rails  are  four  feet  long.  The  ends  of 
the  rails  meet  in  a  piece  of  cast-iron,  called  a  cAofr  (see 
fig.4),  and  the  chairs  are  fixed  to  blocks  of  stone  called 
sleepers,  with  a  broad  base,  and  weighing  from  one  and  a 
half  to  two  hundred  weight.  These  are  firmly  bedded  in 
the  ground,  and  adjusted  to  a  proper  plane  for  the  road 
before  the  chairs  are  connected  to  them.  The  goodness 
of  the  road  depends  much  on  fixing  the  sleepers  in  a 
sound,  firm  manner. 


Ip  fig.  1,  the  side-view  of  the  rail,  C,  is  shown,  sup- 
ported at  the  extremities  A  B,  by  cast-iron  chairs  E  E, 
which   rest  on   blocks  of  stone   D   D,  called  sleepen. 
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*ig.  2,  the  plan,  shows  the  scarf  joints,  where  the  ends  of 
the  rails  meet  in  the  iron  chairs  E  E.  Fig.  S,.  the  cron 
section  of  the  rail,  taken  at  C  in  fig^.  1,  which  is  the  mid- 
dle of  its  length.  Fig.  4,  is  a  cross  section  at  B^  through 
the  joint-chair  and  supporting  block.. 

It  has  already  been  noticed,  that  malleable  iron  waa 
occasionally  used  for  protecting  wooden  rails,  but  it  ap- 
pears to  have  been  first  emf>loyed  for  the  rails  themselves 
by  Mr.  Greorge  Grieves,  at  Sir  John  Hope's  collieries 
near  Edinburgh;  these  were,  made  of  inch  and  quarter  \ 

bars,  and  used  for  very  light  work  only.    Malleable  iron  \ 

rails  of  a  stronger  kind  were  used  by  Mr.  Neilson  of 
Glasgow^  for  a  rail- way  on  the  property,  of  the  Elarl  of 
Glasgolv,  commencing  at  the  Hurlet  cdal  and  lime 
works,  and  extending  to  the  Paisley  canal,  a  distance  of 
two  miles  and  a  half.  The  length  of  each  rail  being 
nine  feet,  it  is  supported  at  every  three  feet,  and  is  two 
inches  and  a  quarter  deep,  and  three  quarters  of  an  inch 
thick;  the  waggons  carry  about  thirty-five  hundred 
weight  each. 

Malleable  iron  rails,  formed  of  rectangular  bars,  must 
obviously  present  too  small  a  surface  for  the  wheels  to 
run  upon,  or  otherwise  require  more  materials  than  it 
would  be  consistent  with  economy  to  employ;  and  to  ob- 
viate this  difficulty,  a  patent  was  obtained  by  Mr.  John 
Birkinshaw,  of  Bedlington  Iron  Works,  Durham,  for  an 
improved  form  for  the  bars  to  be  used  as  rails.  It  con- 
sists in  giving  the  bar  the  form  of  a  triangular  prism,  or 
such  variation  of  that  form  as  is  best  adapted  for  that  pur- 
pose. Fig.  5,  C  B,  (in  the  preceding  engraving)  represents 
the  section  recommended  by  Mr.  Birkinshaw,  and  he  pro- 
poses that  the  rails  should  be  eighteen  feet  in  length. 
Fig.  6,  represents  another  form,  which  is  evidently  better. 
His  suggestion,  respecting  wflding  the  joinings,  would 
rather  be  injurious  than  useful,  owing  to  the  expansion  in 
length  by  increase  of  temperature. 

The  chief  advantage  of  wrought-iron  rails  is  that  of 
reducing  the  number  of  joints ;  and  the  difficulty  of 
making  the  rails  perfectly  even  at  the  joints  has  contri- 
hvted  much  towards  their  introduction. 
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Edge^rails  are  most  adapted  for  permanent  ^orke.  They 
are  of  such  a  nature,  that  ordinary  carriages  cannot  be 
employed  upon  them ;  but  on  any  rail-way  where  such 
carriages  can  be  used,  they  must  do  more  injury  to  the 
surfaces  of  the  rails,  than  will  be  equivalent  to  the  advan* 
tage  of  suffering  them  to  go  there.  Consequently,  a  rail- 
way with  edge-rails,  is  much  more  likely  to  be  kept  in 
good  order  than  any  other.  It  is  of  the  utmost  import- 
ance in  a  rail-way,  that  the  upper  surface  of  the  rails 
should  be  perfectly  even  and  smooth ;  the  very  object  of 
putting  down  rails  was  to  obtain  such  surfaces;  but  they 
would  be  kept  in  order  only  a  very  short  time,  if  carts  or 
waggons  from  a  common  road  were  allowed  to  turn  on  to 
them  wkh  wheeb  covered  with  gritty  mud,  while  the 
temptation  to  use  a  rail-way  in  this  manner  is  great ;  for 
the  load  which  required  a  horse  on  the  common  road^ 
might  be  drawn  by  a  man  on  the  rail-way;  thus  enabling 
them  to  go  at  a  greater  speed,  and  yet  with  less  injury  to. 
the  horses.*  ___ 

Trttm-ways^  or  trani'roadsj  differ  from  the  preceding 
kind,  in  having,  the  guiding  flanges  upon  the  rails,  instead 
of  upon  the  wheels  of  the  carriages;  it  gives  the  advan- 
tage of  employing  carriages  that  can  be  used  where  there 
are  not  rails  laid  down.  They  are  called  ^ram-roads,  from 
their  being  first  used  for  drawing  trams  upon.  The  tram- 
rail  is  exceedingly  convenient  for  temporary  uses,  and  in 
its  ordinary  form  (as  represented  at  fig.  8,  in  the  subjoined 
engraving,)  it  is  much  used  in  quarries,  in  mines,  in  form- 
ing new  roads,  in  digging  canals,  in  conveying  large 
stones  for  buildings,  and  other  purposes.  Tram-rails  are 
of  a  very  weak  form,  considering  the  quantity  of  iron  in 
them,  and  in  some  works  it  has  been  found  necessary  to 
strengthen  them,  by  adding  a  rib  on  the  under  side.  Fig. 
13,  shows  half  a  tram-rail  of  this  kind  in  perspective,  A 
being  the  guide;  B  the  bed  of  the  rail,  in  which  the 
wheels  run;  C  the  rib  on  the  underside  to  strengthen  it. 
The  rails  used  for  repairing  the  Surrey  tram-roads  were 
of  this  form,  and  it  certainly  renders  them  very  strong. 

*  Tredgold  on  Rail-nays,  page  88. 
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As  tram-rails  are  applied  with  so  much  benefit  in  form- 
ing temporary  ways,  the  most  convenient  and  ready  mode 
of  putting  them  down  is  an  object  of  some  importance. 
The  common  method  is  to  fix  them  with  large  nails  or 
spikes  upon  cross  sleepers  of  wood.  The  chief  inconve- 
nience of  this  plan  is  the  difficulty  of  driving  and  draw- 
ing the  nails,  when  they  have  to  be  changed. 

For  permanent  roads,  the  rails  are  usually  fixed  by 
spikes  driven  into  wooden  plugs,  previously  inserted  in 
the  blocks  of  stone  for  supporting  the  rails,  as  shown  in 
fig.  8;  wbere  B  shows  the  tram-plate  (in  section),  with 
one  of  the  running  wheels  of  the  carriage  thereon;  C  the 
stone  sleeper,  in  which  is  inserted  the  wooden  plug  to 
receive  the  nail ;  A  is  part  of  the  gravelled  horse-path 
or  road. 


An  attempt  to  improve  the  method  of  putting  down 
tram-plates,  by  Mr.  Le  Caan,  aflbrds  great  facility  in 
taking  up  pr  putting  down  the  rails ;  they  are  contrived 
so  as  to  fix  one  another,  without  the  aid  of  nailing.  Fig. 
10,  represents  a  longitudinal  section  of  two  of  these  plates, 
placed  on  a  stone  sleeper  cf,  and  fig.  9  is  a  plan  of  the  two 
plates.  The  plates  are  joined  by  a  dove-tailed  notch  and 
tenon,  and  an  oblique  plug  is  cast  on  each  plate,  which  is 
let  into  the  stone  sleeper.  But,  for  the  advantage  of 
taking  up  the  plates,  to  repair  any  defect,  there  are  plates 
at  every  thirty  yards,  with  perpendicular  plugs;  such 
plates  are  called  stop  plates.     The  diameter  of  the  plug 
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near  the  shoulder  is  one  inch  and  three  quarters^  at  the 
point  one  inch,  its  length  is  two  inches  and  a  half,  and  its 
obliquity,  shewn  in  figure  10,  about  eight  degrees.  A  small 
groove  in  the  whole  lengt|i  of  the  exterior  of  such  plug, 
is  made  to  allow  the  water  in  the  hole  to  expand  in  frees- 
ing,  and  it  also  serves  to  admit  a  wire  to  draw  a  broken 
plug  out  by.  .  The  holes  for  the  plugs  should  be  cut  to 
the  depth  of  three  ipches,  by  a  standard  guage  of  cast- 
iron,  apd  counter-rsunk,  so  as  to  allow  the  end  of  the  plate 
to  bod  firmly  on  the  block  which  supports  it. 

Fig  II,  is  one  of  the  ends  of  a  tram  plate,  in  which  H 
shews  the  flange  or  upright  edge;  i  the  flat  part  or  sole,  in 
which  the  wheels  of  the  waggon  run ;  D  oae  of  the  pliiga^ 
and  K  a  ptojectio^  behind,  to  render  the  platen  firmer  upon 
the  blocks.  The  usual  length  of  one  plate  is  three  feet;  the 
flanch  H,  is  one  and  a  half  inch  high ;  the  sole,  or  bed,  three 
anda  half  or  four  inches  broad,  and  three-fourths  of  an  inch 
thick,  but  these  dimensions  are  varied  according  to  circum- 
stances; the  most  approved  weight  has  been  forty-two 
pounds  for  each  plate«  The  ends  from  which  the  plugs 
project,  under  which  the  tenons  and  notches  are  made, 
should  be  a  quarter  of  an  inch  thicker  than  the  other  parts 
of  the  plate* 

The  weight  of  the  blocks  or  sleepers  should  not  be  less 
than  about  one  hundred  and  twenty  pounds  each;  and 
some  kinds  of  ground  will  require  heavier. 

In  this  method  the  wheels  of  the  waggons  cannot  be 
obstructed  by  the  heads  of  the  nails  rising  above  the  sur- 
face, and  the  blocks  are  not  disturbed  by  fixing  the  plates; 
and  when  repairs  are  necessary,  the  plates  must  be  formed 
for  the  purpose.* 

When  tram-plates  are  fixed  by  spikes  to  stone  sleepers, 
there  is  some  difiiculty  in  keeping  the  joint  even  and  in 
its  place,  but  it  seems  to  be  successfully  obviated  by  using 
a  saddle  piece  to  receive  the  ends  of  the  nails  at  the  joints, 
an  improvement  which  was  introduced  by  Mr.  Wilson  on 
the  Troon  tram-road. 


•  Transactions  of  the  Society  of  Arts,  &c,  vol.  S6,  p.  S7,  1807. 
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Tram-roads  are  much  esteemed  in  Wales ;  and,  in  eon* 
sequence  of  using  them,  it  is  found  desirable  to  divide 
the  pressure  upon  the  rails  as  mUoh  as  possible ;  hence, 
small  carriages  are  used,  and  these  lead  to  small  wheels, 
so  that  the  effect  of  a  given  power  is  not  above  half  what 
it  ought  to  be ;  and  yet  the  enormous  increase  of  rail- 
roads in  Wales  renders  it  Evident  that  some  benefit  is  re- 
ceived from  adopting  this  system  of  con  v^ance*  In  1791, 
there  was  scarcely  a  single  rail- way  in  South  Wales ;  and 
in  1811,  the  complete  raiUroads,  connected  with  canals, 
collieries,  &c.  in  Monmouthshire,  Glamc^ganshire,  and 
Caermarthenshire,  amounted  to  nearly  150  miles  in 
length,  exclusive  of  underground  ones,  of  which  one  com- 
pany in  Merthyr  Tydvil  possessed  about  thirty  miles* 
During  the  last  nineteen  years  there  has  been  a  consider- 
able augmentation  of  rails  in  almost  every  district,  and  it 
is  probable  the  total  length  does  not  now  fall  short  of  twe 
hundred  and  fifty  miles  I 

The  third  kind  of  rail-ways  mentioned,  are  those  on  the 
principle  of  suspension,  of  which  that  invented  by  Mr.  H« 
R.  Palmer  is,  we  believe,  the  earliest  and  the  best. 

Instead  of  two  Unes  of  rail  laid  upon  the  ground^  Mr. 
Palmer's  railway  consists  of  only  one  Uney  which  is  elevated 
upon  pillars,  about  nine  feet  apart,  and  carried  in  a 
straight  line  across  the  country,  however  undulating  or 
rugged,  over  hills,  valleys,  brooiss,  and  rivers ;  the  pillara 
being  longer  or  shorter,  to  suit  the  height  of  the  rail  above 
the  surface  of  the  ground,  so  as  to  preserve  the  line  of  the 
rail,  which  is  always  straight,  whether  the  plane  be  hori«- 
zontal  or  inclined.  The  carriage  has  only  two  wheels, 
placed  one  before  the  other,  (to  travel  in  the  single  rail), 
connected  by  a  suitable  frame-work;  the  axles  of  the 
wheek  are  lengthened,  so  as  to  form  exteniding  arms  of 
support,  to  which  are  suspended  the  receptacles  for  the 
goods  or  passengers,  one  on  each  side  of  the  rail,  with 
their  centre  of  gravity  below  (he  surikce  of  the  rail.  The 
rods  by  which  the  receptacles  or  waggons  are  suspended 
are  inflexible;  hence,  although  the  weights  on  each  side 
be  not  equal,  they  will  nevertheless  be  in  equilibrio^  aa 
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may  be  observed  in  a  ship,  ivhich,  when  unequally  loaded, 
assumes  such  an  an^le  with  the  surface  of  the  water  as 
preserves  the  equilibrium.  We  have  observed  that  this 
arrangement  will  admit  of  a  considerable  inequality  of 
the  loads  in  the  opposite  vehicles,  without  producing^  any 
inconvenience,  which  is  partly  owing  to  the  change  of  ful- 
crum, or  bearing  upon  the  rail.  The  breadth  of  the  rail 
is  about  four  inches^  and  slightly  convexed,  so  that  an 
additional  weight  put  into  one  pf  the  receptacles,  causes 
the  wheels  to  incline  a  little  to  that  side,  and  to  bring  the 
fulcrum  nearer  to  the  augmented  weight,  reducing  the 
leverage  on  that  side,  and  in  the  same  proportion  in- 
creasing it  on  the  other;  so  that  an  equal  distribution 
of  the  load  is  not  necessary,  although  it  is  preferable,  and 
can  in  most  cases  be  easily  effected.  The  rail  is  made 
capable  of  adjustment,  so  that  it  may  be  kept  straight  and 
even. 

A  number  of  carriages  are  linked  together ;  and  either 
drawn  by  a  locomotive  machine  upon  the  rail,  or  towed 
along  by  a  horse,  as  barges  in  a  canal.  By  the  latter 
mode,  the  horse,  owing  to  the  undulations  of  the  surface 
in  which  he  travels,  will  sometimes  be  much  below  the 
rail ;  to  preserve,  therefore,  a  proper  angle  of  draught,  a 
sufficient  length  of  rope  is  provided. 

Fig.  1,  is  an  end-view  of  the  carriage,  with  a  cross  section 
of  the  rail,  and  a  pillar  shewing  its  form  and  manner  of 
fixing.  Fig  2,  is  a  side-view  of  the  rail- way,  passing  over 
an  uneven  surface,  with  three  of  the  supporting  pillars  of 
unequal  length.  Upon  the  upper  surface  of  the  rail,  are 
seen  the  two  carriage  wheels,  and  the  manner  of  suspend- 
ing the  waggons  or  receptacles  from  the  axletrees,  which 
is  however  better  shewn  by  the  rods  IIII,  in  fig.  1.  Fig. 
3  is  a  plan  exhibiting  the  manner  the  receptacles  are  braced 
together.  In  the  several  figures,  similar  letters  indicate 
corresponding  parts. 

A,  fig.  1,  is  an  upright  pillar  of  cast-iron,  having  at  the 
shoulder  a  flange,  which  rests  upon  the  surface  of  the 
ground.  The  pillar  i^  formed  with  ribs  at  right  angles, 
which  converge  towards  the  lower  extremity,  and  are 
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notched  in  the  edges  for  fhe  better  securing  it  firmly  in 
the  ground.  The  hole  in  which  it  is  inserted  is  to  be  pre- 
viously well  rammed,  by  a  kind  of  pile-driving  engine,  and 
the  foot  of  the  pillar  surrounded  with  hard  materials, 
which  are  also  to  be  rendered  as  compact  as  possible. 
Three  of  these  pillars  are  shewn  fixed  in  fig.  2,  placed 
about  nine  feet  apart.  At  the  upper  extremities  of  the 
pillars  are  long  clefts,  or  openings,  to  receive  the  rail  B, 
25.  *  4  E 
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which  is  composed  of  deal  planks,  set  on  their  edges,  with 
their  upper  surface  C,  defended  by  cast  or  wrought-iron 
plates,  a  little  convex  on  the  upper  side. 

When  the  rail  has  been  some  time  in  use,  and  all  has 
taken  a  bearing,  a  little  adjustment  of  the  line  may  be  re- 
quisite, before  the  rail  is  bolted  to  the  pillars  ;  to  effect 
which,  a  very  simple  and  easy  method  is  provided.  In  the 
cleft  of  the  pillars,  and  under  the  rail,  two  wedges  a  a,  are 
introduced,  in  opposite  directions,  whereby  its  level  may 
be  adjusted  with  the  nicest  accuracy. 

The  wheels  D  D,  are  provided  with  flanges,  to  keep 
them  on  the  rail,  and  their  peripheries  are  slightly  concave, 
to  adapt  their  surfaces  to  that  of  the  rails.  EE,  are  the 
arms  or  axles;  H  H,  are  the  receptacles  for  the  goods, 
which  are  made  of  plate  iron,  and  are  suspended  to  the 
arms,  (as  before  mentioned)  by  the  inflexible  rods,  IlII. 
To  one  of  the  arms  a  chain,  K,  is  hooked,  to  which  a  tow- 
ing rope  may  be  connected.  Any  number  of  carriages  may 
then  be  attached  together  by  chains  hooked  on  ta  the 
angles. 

Fig.  4.  is  intended  to  exhibit  a  portion  of  the  rail-way  in 
use,  and  the  methods  by  which  several  of  the  obstaclei 
which  frequently  present  themselves  are  overcome.  On 
the  left  is  seen  a  jointed  rail,  or  gate,  that  crosses  the  road, 
over  which  (he  carriages  have  just  passed,  and  the  gate 
swung  back  to  leave  the  road  open  ;  the  horse  and  man 
having  just  forded,  the  train  of  carriages  is  proceeding 
in  its  course,  and  following  another  train,  part  of  whieh 
is  seen  on  the  right,  crossing  a  rot'/  bridge^  simply  con- 
structed for  that  purpose.  Provision  is  made  for  trains 
of  carriages  that  are  proceeding  in  opposite  directions,  by 
means  of  ^^  sidings"  or  passing-places. 

With  respect  to  loading — if  both  receptacles  be  not 
loaded  at  the  same  time,  that  which  is  loaded  first,  must  be 
supported  until  the  second  is  full.  Where  there  is  a  per- 
manent loading-place,  the  carriage  is  brought  over  a  step, 
or  block  ;  but  when  it  is  loaded  promiscuously,  it  is  pro- 
vided with  a  support  connected  to  it,  which  is  turned  up 
when  not  in  use.     From  the  small  height  of  the  carriage, 
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(he  loading  of  those  articles  usually  done  by  hand,  be- 
comes less  laborious.  The  unloading  may  be  done  in  va- 
rious ways,  according  to  the  substance  to  be  discharged, 
the  receptacle^  being  made  to  open  either  at  th^  bottom, 
the  ends,  or  the  sides.  In  some  cases  it  may  be  desirable 
to  suspend  th^m  by  their  ends,  when,  turning  on  their  own 
centres,  they  are  easily  discharged  sideways. 
.  J^ii)ong  the.  principal  advantages  contemplated  by  the 
aidoptioB  of  Palmer^s  rail-way,  may  be  mentioned  that  of 
enabling  the  engineer,  in  most  cases,  to  construct  a  rail-way 
on  that  plane  which  is  most  effectualy  and  where  the  shape 
of  the  country  would  occasion  too  great  an  expenditure 
on  former  plans;  that  oi  being  maintained  in  a  perfectly 
straight  liney  Rnd  in  the  facility  with  which  it  may  always 
be  adjusted;  in  being  unencumbered  with  extraneous  sub- 
stances lying  upon  it;  in  receiving  no  interrttptk>n  from 
snow,  as  the  little  that  may  lodge  on  the  rail  is  cleared  off 
by  merely  fixing  a  brush  before  the  first  carriage  in  the 
train ;  in  the  facility  with  which  the  loads  may  be  trans- 
ferred from  the  rail-way  on  to  the  carriages,  by  merely 
unhooking  the  receptacles^  without  displacing  the  goods, 
or  from  other  carriages  to  the  rail-way,  by  the  reverse 
operation ;  tn  the  preservation  of  the  articles  conveyed 
from  being  fnrctured,  owing  to  the  more  uniform  gliding 
motion  of  the  carriages;  in  occupying  less  land  than  any  * 
other  rail-way ;  in  requiring  no  levelling  or  road-making ; 
in  adapting  itselfto  all  situations,  as  it  may  be  constructed 
on  the  side  of  any  public  road,  on  the  waste  and  irre- 
gular margins,  on  the  beach  or  shingles  of  the  sea-shore, — 
indeed,  where  no  oiher  road  can  be  made;  in  the  original 
cost  being  much  less,  and  the  impediments  and  great  ex- 
pense occasioned  by  repairs  in  the  ordinary  mode,  being 
by  this  method  almost  avoided.* 

As  Mr.  Tredgold's  opinion  has  justly  great  weight  in 
subjects  of  this  nature,  we  annex  it,  on  Mr.  Palmer's  rail- 
way, in  this  place. 


•   See  Palmer's  "  De«-ri^tioii  of  a  H*il-w»y  on  a  new  Principl«. 
Taylor,  LniiHoii. 
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^  We  expect  that  thb  single  rail-road  will  be  found  by 
far  superior  to  any  other  for  the  conveyance  of  the  mails 
and  those  light  carriages,  of  which  speed  is  the  principal 
object;  because  we  are  satisfied,  that  a  road  for  such 
carriages  must  be  raised  so  as  to  be  free  from  the  inter- 
ruptions and  crossings  of  an  ordinary  rail-tray.  A  carriage 
moving  at  a  greater  velocity  than  six  miles  per  hour,  on 
a  rail-^ay,  must  be  raised  so  as  to  remove  the  possibility 
of  overrunning  people,  or  of  dashing  against  other 
vehicles.  Carriages  running  smoothly  and  rapidly,  with 
a  small  moving  power,  cannot  be  suddenly  checked;  and 
they  admit  of  no  change  of  direction.  But,  were  a  rail-way 
elevated  ten  feet  above  the  common  rottdsw  these  accidents 
could  not  take  place,  except  through  nel^leet ;  the  pas- 
sengers would  not  be  raised  to  a  much  greater  height  than 
the  top  of  a  common  coach,  and  in  a  suspended  carriage 
which  could  not  possibly  overturn. ""* 

In  1828,  Mr.  T.  Chapman,  of  Royal  Row,  Lambeth, 
suggested  an  improved  carriage  from  Mr.  Palmer's  rail- 
way, for  which  he  received  a  reward  from  the  Society  of 
Arts.  By  Mr.  Palmer^s  method  of  making  turns  in  the 
road,  a  portion  of  the  rail  is  made  to  turn  with  the  car* 
riage  on  it,  which  has  certainly  some  disadvantages;  to 
obviate  which,  Mr.  Chapman  has  contrived  a  carriage 
that  will  itself  turn  on  a  fixed  rail,,  whether  curved  or 
straight,  or  from  one  angle  to  another. 

Fig.  1,  exhibits  an  end-view  of  the  carriage  on  a  section 
of  the  rail,  and  fig.  2  b  a  side-view  of  the  same,  partly  in 
section,  a  a,  is  the  rail;  b  fr,  two  wheels  on  the  rail; 
these  carry  the  turning  plates  c  c,  each  having  four  fric- 
tion rollers ;  e  e,  upper  plates ;  //,  the  vertical  axis  of  the 
wheel  frames,  or  turn  plates,  c  c ;  they  pass  through  the 
plates  dj  and  €,  from  which  the  boxes  g  g  are  suspended,  by 
the  lateral  arms  h  A,  and  i  t.  Now,'as  the  wheels  and  . 
frames  6,  r,  can  turn  freely  on  their  axis//,  they  each  re-  . 
quire  four  grinding  rollers,  J  jjj,  to  keep  them  in  a  right 

*  Tn?dgold*8  Treatise  on  Rail-roads  and  Carriages,  (p.  87;.  Taylor, 
London 
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{Clutpman^t  Mwli^fttum  t^  PaJmer's  Rail-way  Carriage. 
1828.) 

line  with  the  roil,  and  to  cause  them  to  turn  as  the  rail 
tvrns.  These  carriag^es  should  not  be  fortber  asunder 
than  is  absolutely  necessary  for  the  required  curve  of  the 
rail.  The  bottom  of  the  carriage  has  a  joint  at  one  third 
of  its  length,  and  is  held  up  at  this  by  the  hooks  k  k;  by 
removing  these,  the  contents  may  be  let  oulv  the  fixed 
portion  of  the  bottom  is  made  doping,  so  that  it  may  be 
readily  emptied. 

Two  or  three  years  after  Mr.  Palmer  had  brought  out 
his  plan  of  rail-way,  a  suspension  rail-way  wm  patented  by 
Mr.  J.  J.  Fisher,  for  a  similar  though  less  perfect  arrange- 
ment, and,  as  we  should  suppose,  somewhat  trespassing 
upon  Mr.  Palmer's  patent  right.  Mr.  Fisher,  it  is  true, 
suspends  his  carriages  to  two  lines  of  rail,  but  be  was,  in 
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this  respect,  anticipated  by  Mr.  Palmer,  who  says  "  to 
elevate  two  lines  of  rail  for  the  purpose  of  supporting  a 
carriage,  could  not  be  done  at  a  sufficiently  moderate 
expense;  I  therefore  endeavoured  to  arrange  the  form 
of  a  carriage  in  such  a  manner  that  it  wouU  travel  upon 
a  single  line  of  rail,  without  the  posaibility  of  overtum< 
lug.*'  Mr.  Fisher's  plan  may,  however,  possess  some 
originality,  and,  with  some  modifications,  may  be  ren- 
dered useful.  The  chief  object  is  stated  to  be  the  throw- 
ing of  a  rail-road  across  rjvers,  swamps,  &c. ;  and  the 
means  proposed  of  effecting  it  will  be  readily  perceived, 
upon  inspecting  the  annexed  diagrams,  and  referring  to 
the  subjoined  explanation  of  them. 


m   / 
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Fig,  1,  is  a  side-view  of  the  proposed  rail,  attached,  by 
vertical  rods,  to  a  chain  of  foara,  which  form  a  catenarian 
curve;  fig.  2,  is  a  similar  view,  but  giving  only  a  portion 
of  fig.  1,  (Ml  a  larger  scale ;  fig.  3,  ia  an  end  or  sectional 
view  of  fig.  2;  fig.  4,  is  also  a  sectional  view,  but  of  ano- 
ther form  of  rail,  which  we  shall  describe  lastly.  The 
letters  of  reference  denote  similar  parts  in  each  of  the 
figures. 

a  is  the  rail,  made  of  stout  cast-iron  piatea  of  uniform 
dimensions,  bolted  together;  having  a  horizontal. projec- 
tion or  plate,  b  6,  on  each  side,  for  the  wheels  of  the  car- 
riages, d  d,  to  run  upon,  (seen  best  in  fig.  3.) ;  /  /  shews 
the  frame  of  the  carriage;  the  manner  of  connecting  the 
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wheels  on  either  dide  of  the  rail  in  pairs,  is  exhibited  in 
fig.  3,  and  the  mode  of  joining  tb^  front  with  the  hind 
pair  of  wheels,  in  fig.  2.  Iron  rings,  g  g^  pass  tfarou|fh 
the  centres  of  the  lower  parts  of  the  carriage-frame,  to 
which  are  suspended  the  boxes  or  receptacles  for  holding 
the  goods  or  passengers,  one  of  which  is  shetwn^  attached 
at  A,  fig.  1.  The  loops  or  holes  in  th&  upper  part  of  the 
rail  a,  fig.  2,  are,  of  course,  for  the  convenience  of  boit^ 
ing  it  to  the  suspension  bars,  as  seen  connected  in  fig.  h 
Each  of  the  bars  is  to  be  provided  with  a  wedge  or  screw 
adjustment,  sa  as  to  regulate  the  uniformity  of  the  plane, 
when  any  part  sinks. 

To  give  an  idea  of  the  other  form  of  rail,  the  section 
fig.  4,  is  suflBcient.  H^re  it  will  be  seen,  that  the  rail,  (if 
we  may  so  term  it)  is  of  the  form  of  a  square  tube  or  bol*^ 
low  trunk  1 1,  with  an  opening  or  slit  on  the  lower  sid^ 
for  the  bar,  J,  (which  is  fixed'  to  the  axletree  of  the  car* 
riage)  to  pass  through,  for  Ihe  purpbse  of  being  connected 
to  a  box  or  receptacle  underneath.  This  square  cast-iron 
trunk  or  rail,  is  to  be  suspended,  as  in  the  previously  de- 
scribed rail,  to  a  chain  of  iron  bars  or  wires,  drawn  nearly 
tight,  so  as  to  form  a  catenarian  curve,  when  stretched 
over  the  place  to  be  crossed. 

The  mode  of  propelling  the  carriages  is,  we  believe, 
not  stated  in  the  specification,  but  we  understand  it  is  to 
be  performed,  when  the.  rail-way  is  on  a  horizontal  plane, 
by  elevating  that  end  in  which  the  carriages  are  placed, 
and  letting  them  find  their  way  to  the  other  end  by  their 
own  gravity.  By  such  a  proposition,  it  is  evident  that  the 
patentee  does  not  intend  it  for  any  extensive  work,  as  the 
means  proposed  of  producing  motion,  are  applicable  only 
to  narrow  rivers  and  ravines. 

Having  now  noticed  the  three  principal  kinds  of  rail* 
ways,  it  is  very  important  to  know  the  efl^ect  produced  by 
a  given  power  applied  to  each ;  and  this  knowledge  has, 
we  believe,  been  very  faithfully  furnished  to  the  public 
by  Mr.  Palmer,  who  made  a  series  of  very  careful  expe* 
riments  on  several  of  the  principal  railways  of  the  king- 
dom, which  he  published  in  his  work  before  alluded  to. 
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The  results  of  theee  experiments  we  annex,  preceded  hf 
some  introductory  observations  of  the  writer  on  the 
subject. 

^^  Perhaps,'*  says  Mr.  Palmer,  ^^  if  some  accurate  means 
of  ascertaining  the  resistance  of  roads  and  railways  were, 
on  all  occasions,  used,  their  improvement  would  be  much 
advanced.  The  real  value  of  either  being  then  unequi- 
vocally compared,  the  amount  of  defect  could  no  longer 
be  a  matter  of  mere  opinion.  The  proprietors  would 
then  know  whether  an  apparent  inferiority  arose  from 
the  difference  of  horses,  or  difference  of  circumstances ; 
and  it  would  be  of  great  advantage  to  introduce  a 
clause  in  contracts,  which  would  determine  the  effect 
to  be  produced.  The  methods  by  which  resistance  of 
roads  and  rail-ways  has  been  ascertained,  have  not 
been  sufficiently  accurate,  or  have  been  too  inconve* 
nient  for  general  use.  The  dynamometers,  which  de- 
note ^he  resistance  by  the  degree  of  extension  given 
to  springs  attached  to  the  carriage,  are  convenient 
as  portable  instruments,  but  do  not  denote  the  mea- 
sure with  the  necessary  precision.  The  resistances  are 
not  equable  from  the  irregularities  of  the  surfiice ;  nei- 
ther does  the  force  which  draws  the  carriage  continue 
equable.  When  horses  are  employed,  those  instruments 
are  of  no  service  whatever.  The  effect  of  the  unequal 
force  or  resistance  occasions  a  vibratory  motion  to  the 
indicating  point,  and  we  can  never  have  confidence  in  any 
result  they  exhibit.  Similar  defects  are  observable  in  all 
the  instruments  I  have  seen. 

^^  Having  had  frequent  occasion  to  ascertain  these  re- 
sistances, I  constructed  an  instrument  which,  by  removing 
the  imperfection  referred  to,  has  been  completely  success- 
ful. The  problem  was  to  make  such  an  instrument  as 
would  indicate  very  small  differences,  but  which  wouTd 
not  yield  suddenly  to  a  change  of  resistance.  I  therefore 
connected  to  a  spring  dynamometer,  a  semicircular  close 
copper  vessel  containing  water;  at  the  centre  is  a  spindle, 
on  which  an  arm  or  fan  is  fixed,  and  which  very  nearly 
corresponds  with  the  inside  of  the  vessel.     The  springs 
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are  so  connected  with  the  spindle,  that  they  cannot  be 
acted  upon  without  the  arm  or  fan  turning  upon  its  centre, 
and  passing  through  water.  In  order  to  pass  through  the 
water,  the  latter  must  escape  by  its  sides ;  and  the  space 
being  extremely  small,  it  cannot  pass  rapidly^  but  will 
yield  to  the  smallest  force* 

^^  By  way  of  exhibiting  the  difference  of  resistance  upon 
different  rail-ways,  I  have  attached  a  table  containing  ex- 
periments on  several. 

^^The  first  column  contains  the  articles  conveyed;  tbe 
second,  the  resistance  in  proportion  to  the  weigJit ;  the 
third,  the  whole  effect  produced,  i.e.  including  the  weight 
of  the  carriage  by  one  horse,  or  one  hundred  and  fifty 
pounds,  at  two  miles  and  a  half  per  hour ;  the  fourth,  the 
useful  effect,  or  the  load  conveyed,  in  pounds;  the  fiftlh, 
the  same,  in  ordinary  measures;  the  sixth,  the  inclination, 
expressed  by  decimal  fractions,  on  which  a  rail-way,  whose 
resistance  is  equai  to  that  specified,  should  be  constructed, 
that  tbe  resistance  of  the  loaded  carriages  downwards, 
may  be  equal  to  that  of  the  empty  carriages  upwards; 
the  seventh,  the  efi^ect  produced  under  such  circumstances; 
the  eighth,  the  useful  effect  under  the  same,  the  weight 
of  the  carriages  being  deducted.  In  each  experiment, 
the  power  of  the  horse  is  assumed  at  one  hundred  and 
-fifty  pounds,  moving  at  the  rate  of  two  miles  and  a  half 
per  hour.* 

*  In  the  incliDations,  the  weight  of  the  home  itself,  sa  part  of  the 
effect  produced,  is  not  taken  into  account,  that  the  table  may  equally 
serve  where  mechanical  force  is  applied.  Some  allowance  must 
-therefore  be  made,  where  horses  are  ased,'but  the  difference  in  the  in- 
cli nations  given  will  be  very  tiifling. 
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W.  H.  JAMBS'S  AAIL«WAY  MACHINERY.  AST 

It  has,  we  believe,  been  a.  generally  received  opinion, 
that  carriages  on  a  rail«way  cannot  be  propelled  by  loco* 
motive  power  up  an  inclined  plane  that  rises  more  than 
twenty  feet  in  a  mile,  without  the  assistance  of  indented  or 
toothed-rails  to  increase  the  re^stance,  and  thus  prevent 
the  carriages  from  slipping  back.  By  Mr,  W.  H.  James's 
invention,  this  difficulty  is  overcome,  so  that  a  train  of 
carriages  may  be  made,  by  a  locomotive  engine,  to  ascend 
and  descend  inclined  planes  of  any  elevation  necessary  in 
the  construction  of  rail-roads,  and  over  very  smoiHh  and 
almost  polished  surfaces.  We  understand  that  the  most 
satisfactory  proofs  have  been  afforded  of  the  ability  to 
effect  this,  by  repeated  trials  on  a  rail- road  more  than  a 
hundred  feet  in  length,  laid  down  for  the  purpose  of  ex- 
periment; on  which  it  was  found  that  a  train  of  carriages 
would  (with  the  patentee's  machuiery)  ascend  inclined 
planes  of  three  inches  in  the  yard,  which  is  equal  to  four 
hundred  and  forty  feet  in  the  mile.  This  important  ad* 
vantage  is  gained  by  applying  the  power  to  the  axletrees 
of  the  wheels  of  the  several  carriages  in  the  train,  by 
means  of  the  rotation  of  a  long  horizontal  rod  (or  series 
of  connected  rods)  actuated  by  bevel  gear  under  each 
carriage. 

An  ingenious  plan  has  also  heen  proposed  by  Mr.  James 
for  enabling  the  carriages  on  a  rail-way  to  pass  around 
turns  or  curves  in  the  road,  without  additional  friction. 
For  this  purpose,  the  horisontal  rotatory  shafts,  which 
cause  each  pair  of  wheels  in  the  train  to  revolve  and 
propel  the  carriages  forward,  are  connected  together  by  a 
novel  kind  of  universal  joint,  which  communicates  the 
rotatory  motion  to  each  successive  carriage,  even  if  so 
placed  on  the  curves  of  the  roads,  that  the  sides  of  one 
carriage  shall  present  to  the  side  of  the  next  an  angle  of 
thirty  degrees.  To  cause  the  carriage  wheels  to  run 
round  the  curves  of  the  rail- way,. without  the  usual  de- 
structive rubbing  of  their  surfaces,  the  rails  in  those  parts 
are  made  with  several  ribs  or  elevations,  and  the  wheels 
of  the  carriages  are  consequently  formed  to  correspond 
with  those  ribs,  by  their  peripheries  being  grooved  in  like 
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manner:  so  that  a  wheel,  in  .effect,  possesses  as  many  dia- 
meters as  there  are  variations  in  the  surface  of  its  peri* 
phery,  by  which  means  it  may  be  made  to  travel  faster  or 
slower,  as  may  be  desired. 

The  annexed  engravings  will  render  Mr.  James's  plans 
intel^ligible  to  the  reader. 

a*  is  the  boiler  of  a  steam  engine;  6^  the  engine  widi 
two  cylinders,  the  alternating  motion  of  the  piston  in 
which  gives  rotation  to  the  crank,  c,  above ;  the  rods,  e  €, 
attached  to  the  same,  being  also  fixed  to  the  crank  of  the 
horizontal  shaft,//^  (whicb  passes  under  the  carriages), 
causes  that  to  revolve  with  a  similar  speed  to  the  crank 
of  the  engine.  Two-  scfuare  boxes,  g-g,  are  fixed-  under 
each  carriage ;  through  these  the  axletrees  of  each  pair 
of  wheels  pass;^  the  rotatory  shaft,/,  passes  also  through 
the  boxes,  above  the  axletrees,  and  at  right  angles  with 
them  ;  each  of  the  boxes,  g  g-,  contain  a-  double-bevelled' 
horizontal  wheel,  which  presents  a  circle  of  cogs  in  its 
upper  as  well  as  its  lower  side,  and  turns  upon  cross  bear- 
ings ;^  now  the  shaft/,  carrying  upon  it  a  vertical  bevelled 
pinion  in  each  box,  takes  into  the  upper  circle  of  teeth  of 
the  horizontal  wheel,  while  the  under  circle  of  teeth  of 
the  same,  actuate  a  bevelled  pinion  on  the  axletree  un- 
derneath, consequently,  compels  the  wheels  to  revolve; 
and  the  power  bekig  thus  applied  to  every  pair  of  whee1» 
simultaneously,,  sufficient  resistance  is  obtained,  on  a> 
smooth  8ur£ace,  to  ascend  inclined  planes  of  considerable 
elevation.  uuuuUj  are  the  universal  joints,  which  com- 
municate rotatory  motion  when  the  carriages  are  not  in  a 
straight  line:  these  and  other  moving  parts  are  distinctly 
shown  in  fig.  2,  which  is  upon  a  larger  scale. 

//is  the  rotatory  shaft;  g  g  the  two  boxes,  with  the  front 
plates  removed  to  show  the  gear  inside;  h  h  the  bevelled 
pinions  upon  the  shaft  in  each  box;  i  i  the  horizontal 
double-bevelled  wheels.  The  front  bax,^  g,  under  the 
carriage,  is  fixed  immoveably  to  a  solid  block  of  wood,  k\ 
the  other  box  is  fixed  to  a  plate  /,  turning  on  a  central 
point,  which  passes  through  another  plate,  m,  above,  the 
'atter  being  secured  to  the  floor  of  the  carriage  by  hinge* 
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joints,  ft  II.    The  constmction  of  the  uniYerwl  joints  m  u^ 
is  also  more  elemrly  shewn  in  this  figure. 

We  hare  now  to  describe  the  contriyances  by  which 
the  patentee  obviates  the  destructive  efbcta  of  the  rub- 
bing or  sliding  of  the  inner  wheels  of  carriages  in  making^ 
curves  or  turns  in  a  round. 

Our  readers  need  not  be  informed,  that  if  the  wheels  on 
one  side  of  a  carriage  be  larger,  or  of  greater  diameter^ 
tfam  those  on  the  opposite  side,  such  carriage,  when  pro- 
'pelled,  will  necessarily  make  a  curve.  On  this  principle, 
'the  patentee's  contrivances  are  founded.  In  running 
along  a  straight  line,  the  peripheries  of  the  wheels  are  of 
equal  elevation ;  but  when  the  carriage  has  to  make  a 
turn,  the  wheels  on  one  side  roll  on  a  greater  diameter, 
or  more  extended  periphery;  while  the  wheels  on  the 
opposite  -side  run  on  a  less  extended  periphery,  and  tlie 
elevations  itpon  the  rails  on  which  they  run  are  so  ad- 
justed to  these  variations,  that  the  different  peripheries  of 
the  wheels  change,  and  come  in  contact  with  the  variable 
parts  of  the  rail,  and  run  round  the  curves,  without  any 
perceptible  increase  of  friction,  or  jarring,  or  jolting.  The 
annexed  diagrams  are  in  illustration  of  thb  part  of  the 
patentee's  improvements. 

In  this  figure,  the  carriage  wheels 
are  supposed  to  be  running  in  a 
straight  line,  consequently  the  pe- 
ripheries are  equal,  and  the  bear- 
Bl^  ings  of  the  rail  equal. 
HHy  '°  ^^'^  ^g^^^-y  ^^^  wheels  are  sup- 
|m9|  posed  to  be  making  a  curve  equal 
^^     to  an  increase  of  half  an  inch  in  a 

yard  on  the  outer  line  or  track. 

In  this,  the  wheels  and  other 
parts  are  adapted  to  make  a  turn, 
wliere  tlie  curve  aiakes  a  difference 
in  the  two  liner  t>f  two-thirds  of  an 
inch  in  the  yard. 

In  this,  a  curve  wherein  the  dif- 
ference is  one  inch. 
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Mr.  James  considers  thi&i  the  following  advantages  will 
result  from  these  improvements,  viz* 

<<  A  saving  wiU  be*  effected  in  tlie  principal  part  of  the 
cuttings,  embankments,  viaducts,  ficc,  and  asaving  of  full 
four-fifths  .of  the  time  requisite  for  making  the  road.  In 
saving  the  land  lost  m  deep  cuUing,  and  the  slopesof  the 
embankments;  and  in,  shortening  the  disAanoa,  inoonse- 
quence  of  the  engine  and  loaded  carriages  being  able  to 
pass  over  elevated  ground.  Owing  to  the  resistance  at 
each  individual  carriage,  the. engine  carriage  m%y  be  re* 
doeed  full  one*third  in  weighty  therefore  a  greater  load 
maj  be  propelled  by  the  same  power.  In  saving  the 
primary  and  current  expenses  of  fixed  engines,  wherein 
the  power  applied  is  always  the  same,  whether  the  traffic 
upon  the  rail  requires  it  or  not,  and  in  avoiding  the  delay 
consequent  upon  their  employment;  whereas,  in  loco- 
motive engines  the  power  may  always  be  adapted  to  the 
trade  or  load.  In  affording  the  opportunity  of  passing 
over  or  under  turnpike  rotads,  &c  by  which  much  of  the 
objections  raised  against  rail-ways  in  populous  districts  is 
obviated;  and  the  facility  with  which  obstacles  in  private 
property  may.  be  avoided. .  In  enabling  the  engine  and 
train  of  carriages  to  be  suddenly  stopped,  whether  on 
level  ground  or  in  descending  hills.  Likewise  reducing, 
the  liability  to  breakage  or  accident  in  stopping  such  car- 
riages, in  consequence  of  the  number  of  parts  to  resist  a 
sudden  impulse. 

^^  Rail-roads  of  the  usual  construction  soon  get  out  of 
order  by  wearing  at  the  turns,  and  in  the  settling  of  the 
ground  in  new  embankments,  which  will  be  wholly  prer. 
vented  by  the  present  improvements.  There  being  no 
deep  cuttings  and  embankments,  property  in  land  wiU  not 
be  divided  by  them,  as  in  ordinary  cases*.  By  means  of 
the  joints  (before  mentioned)  under  each  of  the  carriages, 
a  nearly  equal  bearing  of  each  wheel  is  effectjed,  if  the 
surface  of  the  rails  should  be  uneven,  so  as  to  cause  the 
axles  to  stand  at  different  angles.  A  considerable  saving, 
it  is  considered,  will  likewise  be  made  in  the  tonnage  and 
interest  of  the  capital  expended^  and  in  completing  the 
rail  in  much  less  time  than  usual ;  also  in  the  facility  and 
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little  e3q>ense  attending  the  making  alterations  in  Uie  rail 
after  completion.'* 

Mr.  W.  H.  James's  mode  of  communicating  the  impulse 
of  the  prime  mover  to  all  the  carriages  of  a  train,  seems  to 
be  well  deserving  of  the  attention  of  engineers ;  but  wa 
are  apprehensive  that  his  ingenious  combination^  for 
making  turns  in  the  road  will  not  wear  well  in  practice, 
and  that  the  disadvantages  of  the  increased  weight  of  the 
wheels,  and  other  obvious  difficulties  attending  a  perma* 
nent  adjustment  of  the  curved  rails,  will  prevent  their 
introduction.  The  inventor  has,  however,  given  the  sub- 
ject much  of  his  attention,  and  it  may  be  more  valuable 
than  we  conjecture. 

We  have  already  noticed  the  immense  extent  to  which 
rail-roads  have  been  carried  in  various  parts  of  the  king- 
dom, and  we  conceive  it  to  be  now  our  duty  \o  give  a 
detailed  account  of  that  stupendous  work,  the  Manchester 
and  Liverpool  Rail-way,  celebrated  for  having  called 
forth  the  talents  of  rival  engineers  to  produce  the  best 
locomotive  carriage,  to  be  employed  as  a  drag  upon  the 
rail-way.  In  that  account,  we  purpose  availing  ourselves 
largely  of  the  information  alSbrded  by  Mr.  Booth,  in  his 
interesting  history  of  this  rail-way,  as  the  facts  therein 
may  be  relied  upon  as  authentic,  owing  to  the  official 
situation  held  by  its  talented  author,  (that  of  Treasurer  to 
the  company.) 


In  1760,  two  thousand  five  hundred  and  sixty  vessels 
paid  dock  duties  at  Liverpool;  in  1824,  ten  thousand; 
and  in  1829,  eleven  thousand  three  hundred  and  eighty 
three; — in  1760,  the  population  of  Liverpool  was  twenty- 
six  thousand ;  in  1821,  one  hundred  and  thirty-five  thou- 
sand ;  the  population  of  Manchester  being,  in  1760,  twenty- 
two  thousand;  in  1824,  one  hundred  and  thirty-five  thou- 
sand;—in  1784,  eight  bags  of  cotton  were  imported  into 
Liverpool  from  America;  in  1824,  four  hundred  and  uine 
thousand,  six  hundred  and  seventy  bags;  and  in  1829,  six 
hundred  and  forty  thousand,  nine  hundred  arid  ninety- 
eight.      In  1790,  the  first  steam-engine   was  set  up  in 
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Manchester;  in  1824,  there  were  two  hundred  steam-eu- 
gines  there :  in  1814,  there  was  not  one  power«loom  in 
Manchester^  in  1824,  there  were  thirty  thousand.  In 
1884,  the  average  quantity  of  raw  and  manufiictured 
goods  transmitted  between  the  two  towns  was  one  thou- 
sand tons  daily,  and  it  now  amounts  to  thirteen  hundred 
tons;  about  one  thousand  of  which  pass  from  Liverpool 
to  Manchester^  and  three  hundred  from  Manchester  to 
Liverpool.  The  bulk  of  this  immense  traflSc  was  carried 
by  means  of  two  canals. 

Goods  had  to  be  first  sent  up  the  river  Mersey  to  Run- 
corn,  a  distance  of  about  twenty  miles,  and  thence  by  one 
of  the  two  canals  to  Manchester,  making  the  whole  dis- 
tance between  the  two  towns  about  fifty  miles.  In  summer 
time,  there  was  frequently  a  deficiency  of  water,  obliging 
boats  to  go  only  half  loaded^  while  in  winter,  they  were 
sometimes  locked  up  with  frost,  for  weeks  together.  Ves- 
sels, too,  were  often  arrested  in  their  progress  up  the 
Mersey,  by  contrary  wind?,  and  exposed  to  loss  smd  da- 
mage from  tempestuous  weather.  The  /xverage  length  ol 
the  passage  was  thirty*six  hours;  but,  owing  to  the  various 
causes  of  delay  jnst  enumerated,  there  have  been  instances 
of  goods  being  a  longer  time  on  the  way  (by  water)  from 
Liverpool  to  Manchester,  than  from  New  York  to  Liver- 
pool i 

In  1824,  Mr.  Sanders,  lo  whom  the  plan  of  a  rail- way 
between  the  two  towns  had  been  suggested  by  Mr.  Wil- 
liam James,  engineer,  published  a  pamphlet  in  further- 
ance of  the  plan,  in  which  he  observes,  ^^  Notwithstanding 
all  the  accommodation  the  canals  can  ofler,  the  delays  are 
such  that  the  spinners  and  dealers  are  frequently  obliged 
to  cart  cotton  on  the  public  high-road,  a  distance  of  thirty- 
six  miles,  for  which  they  pay  four  times  the  price  whieh 
would  be  charged  by  a  rail-road,  and  they  are  three  timet 
as  long  in  getting  it  to  hand.  The  same  observation 
applies  to  manufactured  goods,  which  are  sent  by  land- 
carriage  daily,  and  for  which  the  rate  paid  is  five  times 
that  to  which  they  would  be  subject  by  the  rail-road. 
This  enormous  sacrifice  is  made  for  two  reasons ;  some- 
96.  4  6 
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timed  because  conveyance  by  water  cannot  be  promptly 
obtained,  but  more  frequently  because  speed  and  cer* 
tainty  as  to  delivery  are  of  the  very  first  importmiee/* 
About  the  same  period,  the  following  public  declaration 
was  signed  by  upwards  of  one  hundred  and  fifty  of  the 
most  respectable  merchants  of  Liverpooi. 

^^  We,  the  undersigned  merchants  Mftd  broken,  rtsideat 
in  the  port  of  Liverpool,  do  hereby  declare,  that  we  have 
for  a  long  tfme^ast  experienced  grtet  difficulty  in  ob* 
taining  vessels  to  convey  goods  from  this  place  to  fifan-* 
Chester,  and  that  the  delay'  is  highly  prejudicial  te*  the 
trading  and  manufacturing  inter^ts  at  large;  tiMt  we 
consider  the  present  establishments  for  the  transport  of 
goods  quite  inadequate,  and  that  a  new  line  of  convey* 
ance  has  become  absolutely  necessary,  to  conduct  the  in^ 
creasing  trade  of  the  country  with  speed,  certainty,  and 
economy/' 

It  was  accordingly  determined  to  establish'  a  company 
for  the  formation  of  a  double  rail-way  from  Liverpool  to 
Manchester,  and  on  the  99th  of  October,  18B4,  the  first 
prospectus  of  the  company  was  issued^  The  advastag^ 
promised  by  this  prospectus,  and  in  an  amended  one,  after* 
wards  substituted,  were  briefly  these :—- A  saving  of  time 
and  of  money  in  the  transmission  of  the  thousand  tona  or 
more  conveyed  between  the  two  towns  daily ;  the  increase 
of  commerce  and  manufactures,  by  increased  facility  of  in« 
tcrcourse;  an  improved  cbannel  for  the  conveyance  of 
the  itianufactures  and  agricultural  produce  of  Ireland  to 
the  populous  counties  of  Lancaster  and  York;  the  car* 
riage  of  farming  produce  to  the  large  towns,  and  the 
return  of  lime,  manure,  &c.  to  the  farmers;  speedier 
conveyance  for  travellers;  and  the  carriage  of  coals  to 
Liverpool  and  Manchester,  from  the  valuable  mines  in  the 
vicinity  of  St.  Helen's,  the  coals  having  been  heretofore 
brought  to  Liverpool  principally  by  canal,  a  distance  of 
thirty  miles,  whilst  by  the  rail-road  the  distance  would 
be  less  than  half,  and  the  price  materially  relSluced.  The 
<{uantity  of  coals  consumed  annually  in  Liverpool  and 
Manchester  was  estimated  at  one  million  of  tons,  and  it 
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-was -calculated  that  the.  saviuig  ia  the  price  of  this.  4iecef- 
sary  article  of  dpmestic  coQsiiiDptioD,  ifould  alone  amount 
lo  f,t  le«8t  two  shiUingB  per  ion,  or  £100,000.  annu^lly^  i^n 
the  coioaumptlon  of  the  two  towns*  \.   ..  ^ 

The  rails  used  in  this.  w.orfc  are  of  the;  efife  Jkindj^  such 
as  we  have  described  at  page  570;  thpy  are  .made. of 
wrought"irop)r  bb  lengths  of  fire  yards  each,  and  weigh 
.thirtyrfiye  pounds  per  yard*  The  rails  are  .supported, 
.every  three  feet,,  upon  stone  blpckR,  each  blQok  ^containing 
jiearly  Conr  cubic,  feet,  of  stone.  Two  boles,  six  inphes 
49^P,  And  one  inch  difmeter,  are  drili^  into  each  block, 
and  into  these  ar^  ^driven  o^  plugs;  and  ^he  cast-iron 
chairs,  t,^  wbich  tjhe  rail  is  immediately  fastened,  are  firmly 
spiked  down  to  the  oak  plng9,  fornui|g  altogether  a  con- 
slruqtion  of  great  aolidJity  ^nd  strength*  On  the  embank- 
miErnto,  where  the  foundation  may  be  expectiBd  to  snbsidey 
Ih0  raUs  ar^  laid  on  oak  sleepers;  thus  there  are  thirteen 
miles^of  the  rail/resting  on  oak,  and  the  refnaining. eigh- 
teen miles  on  stone  sleepers.  Therje  i|re  two  double  lines 
of  rails  (as  represented  ip  the  preceding  figure  7,)  which, 
it  is  said,  ^^are  laid  down  with  mathematical  correctness,** 
and  there  is  reason  to  believe  tha|  gr^at  attention  has 
bee/n  paid  jln  the  execution  of  thi?  pu^i  of  the  work,  the 
Msiptanee  to  the  motion  o^.,  the  carriages  thereon  hi^viiiig 
b^en, found  much  less  than  any  other  rail- way  of  the  same 
kind.  The  four  rails  are  p^laced  equidis^ntly,  four  feet 
«eightjnches« apart;  they  are  aibout  two  inches  in  breadtlj, 
mad.  rise  about  one  inch  above  the  surface. 

'From  Uvecpooi,  the  irail-way  commences  with  the  tun- 
!iiel,.one  end  of  which  is  in  Wi^pping,  near  the  Queen> 
Doek^  and  extending  under  the  town  of  Liverpool,  nearly 
from  west  to  east,  to-fidge  Hill,,  a  distance  of  rather  more 
than  a  mile  iand^  a.  ^Mrter.  It  wns>coa8trHcted  in  seven 
•oi^  eight  separate- { lengths,  each  communicating  with  the 
flurfade  fatyimeana  of  perpendiciilar  shafts.  The  first  two 
hundred  aad.  seventy  yards  from  Wapping  are  perfectly 
Jevel ;:  in  the  remaining  distance  ,of .  one  thousand  nine 
biindred  and  eighty  yards,  there  is  a  uniform  rise  of  three- 
fourths  of  au  inch  in  the  yard,  so  that  the  mouth  of  the 
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tunnet  at  Edge  Hill  is  one  hundred  and  twenty-three  feet 
h%her  than  the  Wapping  end*  The  tunnel  is  white- 
washed throughout,  and  lighted  with  gas,  and  the  effect 
produced  is  very  singular  and  picturesque.  The  gas- 
lightB,  which  depend  from  the  roof,  are  thirty  yards  apart ; 
those  nearest  the  spectator  appear  at  considerable  dis- 
tnnces  from  each  other,  but  gradually  approximating  in 
the  perspective,  they  finally  become  blended  into  a  conti- 
nuous and  brilliant  line  of  flame,  fading  away  from  a  pure 
white  to  a  fine  red  colour.  The  whitened  roof  and  sides 
contiguous  to  each  light  are  so  strongly  illumined,  that 
the  whole  vista  appears  like  a  succession  of  superb  arches 
formed  through  massive  parallel  waHs,  the  intervening 
spaces  being  left  in  comparative  darkness,* 

About  half  a  mile  from  the  tunnel,  the  rail*road  crosses 
Wavertree  Lane,  and  there  is  then  a  descent,  for  five 
miles  and  a  half,  at  the  rate  of  one  in  eighteen  hundred 
and  twenty,  or  four  feet  in  the  mile.  About  half  a  mile 
to  the  north  of  Wavertree,  at  Olive  Mount,  there  is  an 
excavation  through  the  solid  rock,  seventy  feet  below  the 
sttrftice,  and  two  miles  in  length.  The  road  is  here  little 
more  than  barely  suflkient  fbr  two  carriages  to  pass.  The 
road  is  then  carried,  by  means  of  a  great  embankment, 
varying  from  fifteen  to  forty-five  feet  in  height,  and  from 
sixty  to  one  hundred  and  thirty-fi^e  feet  in  breadth  at  the 
base,  across  a  valley  at  Roby,  or  Broadgreen,  two  miles 
ifn  length.  It  then  crosses  the  Huyton  turnpike  road,  a 
little  past  Roby;  six  miles  and  three  quarters  from 
Liverpool  there  is  a  junction  rail- way,  for  the  conveyance 
of  coals  from  the  neighbouring  mines;  on  the  right,  and 
at  a  distance  of  seven  or  eight  miles  from  the  Liverpool 
station,  it  comes  to  the  Whiston  inclined  plane,  which  is 
one  mile  and  a  half  long,  and  rises  about  one  in  ninety-six. 
There  is  here  a  stationary  engine  to  assist  the  carriages 
in  their  ascent.  For  nearly  two  miles,  the  road  is  then  on 
an  exact  level.  It  was  on  this  part  of  the  road,  that  the 
contest  of  locomotive  carriages,  for  the  premium  of  £BO0^ 
'      ■ '     ■  ■  ■  ■       ■       I  -^— ^— ^^—1 ^    ■  ■  I  ■  ^— — — ^<fc 

»  Wa1ker*ft  **  Description  of  the  lUtUway.'* 
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took  place,  .n  October  last,  the  result  of  which  determined 
the  directors  to  make  use  of  locomotive  engines  instead  of 
stationary  ones.  About  half  a  mile  from  the  Whiston 
plane,  at  Rainhill,  the  Liverpool  and  Manchester  turn- 
pike-road crosses  the  railway,  at  an  angle  of  tbirty-four 
degrees.  On  leaving  the  level  at  Rainhill,  the  rail-wajr 
crosses  the  Sutton  inclined  plane,  which  is  of  the  same 
extent  as  (hat  at  Whiston,  and  descends  in  the  same  pro* 
portion  that  the  other  rises.  There  is  here  another  sta- 
tionary engine.  A  little  beyond  Rainhill  several  collieries 
communicate  with  the  road  by  means  of  railways,  and 
the  Runcorn  Gap  Rail-way  will  here  cross  the  line  to  St. 
Helen  V 

The  next  object  of  interest  is  Parr  Moss,  the  road  over 
which  is  formed  principally  of  the  clay  and  stone  dog  out 
of  the  Sutton  inclined  plane,  and  extends  about  three 
quarters  of  a  mile*  The  moss  was  originally  about  twenty 
feet  deep,  and  the  embankment  across  it  is  nearly  twenty* 
five  feet  high,  though  only  four  or  five  feet  now  appear 
above  the  surface,  the  rest  having  sunk  below  it.  The 
road  is  then  carried  over  the  valley  of  Sankey,  by  meana 
of  a  massive  and  handsome  viaduct,  consisting  of  nine 
arches,  of  fifty  feet  span  each ;  the  height  of  the  parapet 
being  seventy  feet  above  the  Sankey  canal  in  the  valley 
beneath.  The  viaduct  is  built  principally  of  brick,  with 
stone  fhcings,  and  the  foundations  rest  on  piles  of  from 
twenty  to  thirty  feet  in  length,  driven  into  the  ground. 
The  breadth  of  the  rail-way  between  the  parapets  it 
twenty-five  feet.  The  viaduct  is  approached  by  a  stu* 
pendens  embankment,  formed  principally  of  the  clay  dug 
from  the  high  lands  surrounding  the  valley.  The  appear- 
ance of  the  vessels  sailing  in  the  canal,  seventy  f«et  be* 
neath  the  viaduct,  has  a  romantic  and  striking  effect.  It 
is  situated  about  ftiurteen  miles  and  a  half  from  Liverpool. 
The  expense  was  £45,208  :  18  :  6.  A  little  to  the  south 
of  the  town  of  Newton,  the  rail-way  crosses  a  narrow 
valley,  by  the  short  but  lofty%mbankment  of  Sandy  Mains, 
and  a  handsome  bridge  of  four  arches,  each  forty  feet 
span,  under  one  of  which  passes  the  Newton  and  War* 
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riegton  turnpik^-road.    The  Wtgan  and  Newton  branch 
kere  enters  the  rail-way. 

A  few  miles  beyond  Newton  is  the  great  Kenyon  exca« 
vation^  from  which,  above  eight  thousand  cubic  yards  of 
clay  and  sand  were  dug  out.  The  Kenyon  and  Leigk 
Junction  Rail- way  here  joins  the  Xfiverpool  and  Man- 
chester line,  and,  as  it  also  joins  the  Bolton  and  Leigh 
line,  brings  into  a  direct  communication  Liverpool  and 
Bolton*  The  Liverpool  and  Manchester  Railway  thea 
passes  sucscessAvely  under  three  handsome  bridges ;  and  a 
little  beyond  Culcheth,  over  the  Brosely  embankment^ 
which  is  about  a,  mile  and. a  half  in*  length,  and  from 
eighteen  to  twenty  feet  in  height.  It  then  passes  ovjer 
Bury  Lane,  and  the  sniall  river  Gless,  or  Glazebrook, 
and  arrives  at  Chat  Moss.  This  is  a  huge  bog,  comprising 
an  area  of  about  twelve  square  miles,  so  spft  that. cattle 
cannot  walk  over  it,  and  in  many  parts  so  fluid,  that  an 
iron  rod  laid  upon  the  surface  would  sink  to  the  bottom, 
by  the  effect  of  its  own  gravity.  It  is  from  ten  :to  thirty* 
five  feet  deep,  and  the  bottom  is  composed  of  clay  and 
sand.  It  was.  accounted  by  some  an  impossibility  to  carry 
the  road  across  this  huge  bog;  but,  by  ingenuity  and  per- 
severance, the,  work  ha^  been  effected,  and  a  ;firm  road  is. 
BOW  carried  across  the  moss.  Hurdles  of  brushwood  and 
heath  are  pla^^d  under  the  wooden  sleepers,  supporting 
the ^ rails  over  the  greatest  part  of  the  moss,  and  the  road 
may  be  said  to  float  on  the  surface*  The  most  difficult 
part  was  on  the  eastern  border,  extending  .about  half  a 
mile,  where  an  embankment  of  twenty  feet  in  height  was 
made,  and  many  thousand  cubic  feet  of  earth  sank  into 
the  moss  and  disappeared,  before  the  line  of  road  ap* 
proached  the  proposed  level.  At  length,  however,  it 
became  consolidated ;  in  1829,  one  rail-way  was  laid  over 
the  whole  moss,  and  on.  the  first  of  January,  J830,  the 
Rocket  steam  engine,,  with  a  carriage  and  passengers, 
passed  over  it.  The  line  extends  across  the  moss  a  dis- 
tance of  about  four  miles  and  three  quarters,  and  the  road 
is  not  inferior  to  any  other  part  of  the  rail-way.  The 
work  was  completed  at  an  expense  of  £37,719  :  II  1 10. 
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On  leaving  Chat  Moss,  the  road  passes  over  the  low- 
lands at  Barton,  extending  about  a  mile  between  the  moss 
and  Worsley  canal,  by  means  of  an  embankment;  it  is 
carried  over  the  canal  by  a  neat  stone  viaduct  of  two 
arches;  it  then  proceeds  through  Eccles,  and  a  portion  of 
Salford)  under  six  bridges;  it  is  carried  over  the  Irwell 
by  a  handsome  stone  bridge,  of  sixty-three  feet  span, 
thirty  feet  from  the  water,  and  then  over  twenty-two  brick 
arches;  and  a  bridge  over  Water  Street,  to  the  Company V 
station  in  Water  Street,  Manchester,  a  distance  of  thirty- 
one  miles  from  the  Liverpool  station.  The  rail- way  is 
there  on  a  level  with  the  second  story  of  the  Company^s 
warehouses.  On  the  line  between  Liverpool  and  Man- 
chester, there  are,  besides  culverts  and  foot  bridges,  sixty- 
three  bridges,  of. which  thirty  pass  under  the  turnpike- 
road,  twenty-eight  over  it,  four  over  brooks,  &c«,  and  one 
over  the  river  Irwell.  Tbete  are  twenty-»two  of  brick, 
seventeen  of  wood  and  brick^*  eleven  of  brick  and  stone, 
eleven  of  wood,  and  twoof  stone  itnd  wood,  at  a  total 
expense  of  £99,065  :  11  :  9. 

From  the  top  of  the  Liverpool  tunnel  to  Manchester, 
with  the  exception  of  two  inclined  planes  at  Rainhill, 
(one  ascending  and  the  other  descending,  at  an  inclination 
of  one  in  ninety-six,  and  where  some  assistant  power  must 
be  used)  there  is  no  greater  inclination  than  in  the  ratio 
of  about  one  in  eight  hundred  and  thirty ;  and  since  the 
advantage  on  the  descending  side  will  nearly  counter- 
balance the  disadvantage  in  ascending  so  gradual  a  slope, 
the  rail-way  may  be  regarded,  for  practical  purposes,  as 
nearly  horizontal.  The  rails  at  the  mouth  of  the  tunnel, 
at  Edge-hill,  are  forty-six  feet  above  the  rails  at  the 
Manchester  end  of  the  line. 

In  the  formation  of  the  rail- way,  there  have  been  dug 
out  of  the  different  excavations,  upwards  of  three  millions 
of  cubic  yards  of  stone,  clay,  and  soil ;  and  the  weight  of 
the  double  lines  of  rail  laid  down,  is  more  than  four  thou- 
sand tons. 

The  following  general  abstract  of  the  expenditure  of 
the  rail- way,  to  the  thirty- first  of  May,  1830,  showing  the 
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cost  of  the  different  branches  of  the  undertaking,  may  i^e 
of  considerable  use  to  those  who  shall  hereinafter  embark 
in  similar  adventures. 


Advertising  accomit    £33%    1     4 

Brick.  DiRking  account • 9,7M    4    4 

Bridge  account ••... 99,005  H    9 

Charge  for  direction    •        1,91 10    0 

Charge  for  fencing  10,202  16    6 

Cart  establishment   461    6    S 

Chat  Moss  account* 1^7,719  II  10 

CottiogB  and  embankmentst 199,768    8    0 

Carrying    department,  comprising    ac- 
count expended  in  land  and  buildings 
for  stations  and   depots,  warehouses, 
offices,  &c.,  at  the  Liverpool  end  ....  £85,539    0    0 
Expended  at  the  Manchester  station    ••       OJSO    0    0 

Side  tunnel    2,485    0    0 

Oas-light  account,  including  cott  of  pipes, 

gasometer,  fcc 1»046    0    0 

Engines,  coaches,  machines,  &c 10,991  11    4 

56,219  11    4 


Carried  forward  £405,899  11     8 


*  The  embankments  included  under  this  head  consist  of  about  two 
hundred  and  seventy-seven  thousand  cubic  yards  of  raw  moss  earth, 
in  the  formation  of  which,  about  six  hundred  and  seventy.«even  thou* 
sand  cubic  yards  of  raw  moss  have  been  used  j  the  difference  in  mea* 
surement  being  occasioned  by  the  squeezing  out  of  the  superabundant 
water,  and  consequent  consolidation  of  the  moss.  The  expenditure 
on  this  part  of  the  line  has  been  less  than  the  average  expenditure. 

•f  Under  this  head  is  comprised  the  earth  work  on  the  whole  line, 
exclusive  of  the  Chat  Moss  district.  The  cuttings  somewhat  exceed 
the  embankings;  the  surplus  is  principally  deposited  along  the  border 
of  the  Great  Kenyon  Cutting.  The  excavations  consist  of  about  seven 
hundred  and  twenty-two  thousand  cubic  yards  of  rock  and  shole,  and 
about  two  million  six  thousand  cubic  yards  of  marl,  earth,  and  sand. 
This  aggregate  mass  has  been  removed  to  various  distances,  from  a 
few  furlongs  to  between  three  and  four  miles j  and  no  inconsiderable 
portion  of  it  has  been  hoisted  up  by  machinery,  from  a  depth  of  thirty 
to  sixty  feet,  to  be  deposited  on  the  surface  above,  either  to  remain 
in  permanent  spoil  banks,  or  to  be  afterwards  carried  to  the  aext 
embankment. 
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Bronght  forward  ....  £405,399  11    3 

Formation  of  the  road*  20  668  15    5 

Railaccount ^7*912    ^    q 

Thifi  expenditure  comprises  the  following  items: 

Rails  for  a  double  way  from  Liverpool  to 
Manchester,  with  occasional  lines  of 
communication,  and  additional  side-lines 
at  the  different  dep6ts,  being  about 
thi rty.fi  ve  miles  of  double  way  ss  three 
thousand  eight  hundred  and  forty-seven 
tons,  at  prices  averaging  something  less 

than  £12  :  10*.  per  ton   48,000    0    0 

Cast-iron  chains,  one  thousand  four  hun- 
dred and  twenty-eight  tons, at  an  average 

of£lO:10f 16,000    0     0 

Spikes  and  keys  to  fasten  the  chains  to  the 
blocks,  and  the  rails  to  the  chains. . . .       8,830    0    0 

Oak  plugs  for  the  blocks 615    0    0 

Sundry  freights,  cartages,  fcc ^ . ...        467    0    0 

Interest  account  (balance) , .     3,629  16    7 

Land  account 96,805    8    8 

Office  establishment    , 4,929    8    7 

Parliamentary  and  law  expenditure    28,465    6  11 

Stone  blocks  and  sleepersf    20,520  14    5 

Surveying  account 19»829     8     7 

Travelling  account 1,423     1     5 

Tunnel  account 84,791     4    9 

Tunnel  compensation  account 9,997    5    7 

^^aggons  used  in  the  progress  of  the  work    24,185    5    7 

Sundry   payments  for    timber,  iron,   petty   disburse- 
ments, &c. 2,227  17    3 

£739,185     5    0 


*  By  this  is  understood  what  is  termed  ballasting  the  road-^that  is 
depositing  a  layer  of  broken  rock  and  sand,  about  two  feet  thick,  viz. 
one  foot  below  the  blocks,  and  one*  foot  distributed  between  them, 
serving  to  keep  them  firm  in  their  places.  Spiking  down  the  iron 
chains  to  the  blocks  or  sleepers,  fastening  the  rails  to  the  chains  with 
iron  keys,  and  adjusting  the  rail-way  to  the  exact  width,  and  curve, 
and  level,  come  under  this  head  of  expenditure. 

t  Out  of  thirty-one  miles,  eighteen  are  laid  with  stone  blocks,  and 
thirteen  with  wooden  sleepers  or  larch ;  the  latter  being  laid  prin- 
cipally across  the  embankment  and  across  tlie  two  districts  of  moss 

S6.  4u 
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The  directors,  in  their  report  of  March  last,  state,  that, 
for  the  finishing^  the  work,  callings,  fencings,  warehouses, 
&c.  a  further  sum  of  £80,834  :  155.  will  be  necessary; 
thus  making  the  whole  sum  expended  in  this  magnificent 
and  national  undertaking,  £820,000,  or  more  than  double 
the  estimate  made  in  the  first  prospectus  of  the  company. 

It  appears  that  the  directors  had  considerable  difficulty 
in  coming  to  a  conclusion  respecting  the  kind  of  carriage 
to  be  used,  and  the  poti;6r  to  be  employed.  On  this  part 
of  the  subject,  Mr.  Booth  observes : — 

^^  Multifarious  were  the  schemes  proposed  to  the  direc- 
tors for  facilitating  locomotion.  Communications  were 
received  from  all  classes  of  persons,  each  recommending 
an  improved  power,  or  an  improved  carriage ;  from  pro- 
fessors of  philosophy,  down  to  the  humblest  mechanic,  all 
were  zealous  in  their  proffers  of  assistance.  England, 
America,  and  continental  Europe,  were  alike  tributary. 
Every  element,  and  almost  every  substance,  was  brought 
into  requisition,  and  made  subservient  to  the  great  work. 
The  friction  of  the  carriages  was  to  be  reduced  so  low, 
that  a  silk  thread  would  draw  them,  and  the  power  io  be 
applied  was  so  vast  as  to  rend  a  cable  asunder*  Hydrogen 
gas  and  high-pressure  steam,  columns  of  water  and  coluums 
of  mercury,  a  hundred  atmospheres  and  a  perfect  vacuum, 
machines  working  in  a  circle  without  fire  or  steam,  gene- 
rating power  at  one  end  of  the  process  and  giving  it  out 
at  the  other,  carriages  that  conveyed  every  one  its  own 
rail-way,  wheels  within  wheels  to  multiply  and  feed  with- 
out diminishing  power;  with  every  complication  of  ba- 
lancing and  countervailing  forces,  to  the  ne  plus  ultra  of 
perpetual  motion.  Every  scheme  which  the  restless  in- 
genuity or  prolific  imagination  of  man  could  devise,  was 
liberally  offered  to  the  company, — the  difficulty  was,  to 
choose  and  to  decide. 

^^  Was  a  capital  of  £100,000  to  be  invested  in  stationary 
engines,  or  in  locomotives?  The  directors  resolved  to  ob- 
tain the  assistance  of  two  professional  engineers,  who 
should  visit  the  Darlington  and  Newcastle  rail- ways,  the 
great  theatre  of  practical  operations,  carefully  examine 
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Ae  working  of  tbe  two  species  of  mechanicaL  power, 
taking  note  of  the  advantages  and  disadvsMitages  of  each, 
make  an  accurate  calculation  of  the  cost  of  both  modes  of 
conveyance,  and  report  to  the  Board  fully  on  the  subject/* 
This  was  accordingly  done,  and  the  reports  of  the  compa- 
rative merits  of  the  two  modes  were  laid  before  the  com- 
mittee» 

The  leaning  on  the  part  of  a  majority  of  the  directors 
was  in  favour  of  locomotives,  provided  they  could  be  con- 
structed of  adequate  power,  and  at  a  less  weight  than  the 
travelling  engines  then  in  use,  which  were  generally  eight 
or  nine  tons  in  weight,  and  some  still  heavier,  the  conse- 
quence of  which  was,  no  small  injury  to  the  rail- ways,  and 
proportionate  expense  in  keeping  the  road  in  repairs  and 
further,  it  was  quite  essential,  according  to  the  provisions 
of  the  Rail-way  Act,  that  they  should  not  smoke.  The 
directors  determined  to  obtain,  if  possible,  a  locomotive 
engine  of  improved  construction,  that  should  comply  with 
these  conditions;  and  with  that  object  in  view,  publicly 
offered  a  reward  for  the  most  improved  locomotive  engine, 
subject  to  certain  stipulations  and  conditions,  a  copy  of 
which  is  subjoined. 

^'  RcAUway  Office^  Idverpooly 
25th  Aprilj  1829. 

^^Stipulations  and  Conditions 

^^  On  which  the  directors  of  the  Liverpool  and  Man- 
chester Rail-way  offer  a  premium  of  £500,.  for  the  most 
improved  locomotive  engine. 

^^  1.  The  said  engine  must  ^  effectually  consume  its  own 
smoke,'  according  to  the  provisions  of  the  Rail-way  Act, 
7th  Geo.  IV. 

^^2.  The  engine,  if  it  weighs  six  tons,  must  be  capable 
of  drawing  after  it,  day  by  day,  on  a  well -constructed 
rail- way,  on  a  level  plane,  a  train  of  carriages,  of  the  gross 
weight  of  twenty  >  ,  including  the  tender  and  water- 
tank,  at  the  rate  of  ten  miles  an  hour,  with  a  pressure  of 
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steam  in  the  boiler  not  exceeding  fifty  pounds  on  the 
square  inch.     * 

"S.  There  must  be  two  safety-valves,  one  of  which 
must  be  completely  out  of  the  reach  or  controul  of  the 
engine-man,  and  neither  of  which  must  be  fastened  down 
while  the  engine  is  working. 

^^  4.  The  engine  and  boiler  must  be  supported  on  spring?, 
and  rest  on  six  wheels;  and  the  height,  from  the  ground 
to  the  top  of  the  chimney,  must  not  exceed  fifteen  feet. 

'^5.  The  weight  of  the  machine,  tvtih  its  complement  of 
water  in  the  boiler,  must,  at  most,  not  exceed  six  tons; 
and  a  machine  of  less  weight  will  be  preferred,  if  it  draw 
qfter  it  a  proporftona^e  weight;  and  if  the  weight  of  the 
engine,  &c.  do  not  exceed  five  tonsy  then  the  gross  weight 
to  be  drawn  need  not  exceed  fifteen  tons,  and  in  that  pro- 
portion for  machines  of  still  smaller  weight,  provided  that 
the  engine,  &c.  shall  still  be  on  six  wheels,  unless  the 
weight  (as  above)  be  reduced  to  four  tons  and  a  half,  or 
under,  in  which  case  the  boiler,  &c.  may  be  placed  on 
four  wheels.  And  the  company  shall  be  at  liberty  to  put 
the  boiler,  fire-tube,  cylinders,  &c.  to  the  test  of  a  pres- 
sure of  water  not  exceeding  one  hundred  and  fifty  pounds 
per  square  inch,  without  being  answerable  for  any  damage 
the  machine  may  receive  in  conse<|uence. 

'^6.  There  must  be  a  mercurial  guage  affixed  to  the 
machine,  with  index  rod,  showing  the  steam  pressure  above 
forty-five  pounds  per  square  inch,  and  consti'ucted  to  blow 
out  a  pressure  of  sixty  pounds  per  inch. 

'^  7.  The  engine  to  be  delivered  complete  for  trial,  at 
the  Liverpool  end  of  the  rail-way,  not  later  than  the  1st 
of  October  next. 

^^  8.  The  price  of  the  engine  which  may  be  accepted^  not 
to  exceed  £S50,  delivered  on  the  rail-way ;  and  any  en- 
gine not  approved,  to  be  taken  back  by  the  owner. 

^'N.B.  The  rail-way  company  will  provide  the  engine 
tender  with  a  supply  of  water  and  fuel  for  the  experi* 
ment.  The  distance  within  the  rails  is  four  feet  eight 
inches  and  a  half.'' 
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Meanwhile,  all  measures  relative  to  the  moving  power 
were  suspended,  till  the  result  of  the  trials  of  the  specimen 
engines  should  be  ascertained*  On  the.  6th  of  October, 
which  was  the  day  subsequently  fixed  for  the  trials,  the 
judges  appointed  by  the  company,  on  ^considering  the  card 
of  ^^stipulations  and  conditions''  originally  issued  by  the 
directors,  found  it  necessary  to  make  the  following  ar- 
rangements for  the  trial,  which  we  insert,  as  some  of  the 
conditions  embrace  a  very  correct  mode  of  testing  the 
power  of  such  machines. 


^^TBIAL  OF    THB  LOCOMOTIVE  ENGINES  ON  THE  LIVER- 
POOL AND  MANCUE8TBB  RAIL-WAY. 

^^  The  following  is  the  ordeal  which  we  have  decided 
(each  locomotive  engine  shall  undergo,  in  contending  for 
the  premium  of  £500,  at  RainhilL 

^^  The  weight  of  the  locomotive  engine,  with  its  full 
complement  of  water  in  the  boiler,  shall  be  ascertained  at 
the  weighing-machine,  by  eight  o'clock  in  the  morning, 
.  and  the  load  assigned  to  it  shall  be  three  times  the  weight 
thereof.  The  water  in  the  boiler  shall  be  cold,  and  there 
shall  be  no  fuel  in  the  fire-place.  As  much  fuel  shall  be 
weighed,  and  as  much  water  shall  be  measured  and  deli- 
vered into  the  tender  carriage,  as  the  owner  of  the  engine 
may  consider  sufficient  for  the  supply  of  the  engine  for  a 
journey  of  thirty-five  miles.  The  fire  in  the  boiler  shall 
then  be  lighted,  and  the  quantity  of  fuel  consumed  for 
getting  up  the  steam  shall  be  determined,  and  the  time 
noted. 

^'  The  tender  carriage,  with  the  fuel  and  water,  shall  be 
considered  to  be,  and  taken  as  part  of  the  load  assigned  to 
the  engine. 

^'  Those  engines  which  carry  their  own  fuel  and  water, 
shall  be  allowed  a  proportionate  deduction  from  their 
load,  according  to  the  weight  of  the  engine. 

^^  The  engine,  with  the  carriages  attached  to  it,  shall 
be  run  by  hand  up  to  the  starting-post;  and  as  soon  as  the 
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steam  is  got  up  to  fifty  pounds  per  square  inch,  the  engine 
shall  set  out  upon  its  journey. 

^'  The  distance  the  engine  shall  perform  each  trip,  shatl 
be  one  mile  and  three  quarters  each  way^  including  one 
eighth  of  a  mtle  at  each  end,  one  for  getting  up  the  speed, 
and  the  other  for  stopping  the  train ;  by  this  means,  tike 
engine,  with  its  load,  will  travel  one  mile  and  a  half  each 
way,  at  full  speed. 

^'The  engine  shall  make  ten  trips^  which  shall  be  equal 
to  a  journey  of  thirty-five  miles;  thirty  miles  whereof 
shall  be  performed  at  full  speed,  and  the  average  rate  of 
travelling  shall  not  be  less  than  ten  miles  an  hour. 

^  As  soon  as  the  engine  has  performed  this  task  (which 
will  be  equal  to  the  travelling  from  Liverpool  to  Man- 
chester,) there  shall  be  a  fresh  supply  of  fuel  and  water 
delivered  to  her ;  and  as  soon  as  she  can  be  got  ready  to 
set  out  again,  she  shall  go  up  to  the  starting-post,  and 
make  ten  trips  more,  which  will  be  equal  to  the  journey 
from  Manchester  back  again  to  Liverpool. 

^'  The  time  of  performing  every  trip  shall  be  accurately 
noted,  as  well  as  the  time  occupied  in  getting  ready  to  set 
out  on  the  second  journey. 

^  Should  the  engine  not  be  enabled  to  take  along  with 
it  sufficient  fuel  and  water  for  the  journey  of  ten  trips, 
the  time  occupied  in  taking  in  a  fresh  supply  of  fuel  and 
water,  shall  be  considered,  and  taken  as  a  part  of  the  time 
in  performing  the  journey. 

^' J.U.RA8TRiCK,Esq.Stourhridge,C.E.^ 

"  NiCH".  Wood,  Esq.  Killingworth,  C.  E.  i  Judges. 

^^  John  Kbnnedv,  Esq.  Manchester.         jl 

'^Liverpool,  Oct.  6, 1829." 

The  number  of  competitor  actually  ready  to  take  (he 
field  were  only  five,  although  several  other  individuals 
had  made  preparations  for  that  purpose,  but  were  not 
ready  in  time.  The  following  is  a  list  of  those  which  ex- 
perimented : — 

No.  I.  Messrs.  Braithwaite  and  Ericsson,  of  London^ 
*'  The  Novelty  ;"  weight,  2  tons,  15  cwt. 
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No.  2.  Mr.  Tiinoth;  Hackwortb,  of  Darlington,  "  The 
Sans  Pareil;  *  weight,  4  tons,  8  cwt,,  2  qrs. 

No.  9.  Mr.  Robert  Stephenson,  of  NewcBstle-iipon- 
Tyiie,  "  The  Rocket;"  weight,  4  tons,  3  cwt. 

No.  4.  Mr.  Brandreth,  of  Liverpool,  "  The  Cyclopede ;" 
weight,  3  tons,  worked  by  a  horse. 

No.  5.  Mr.  Burstall,  of  Edinburgh,  "  The  Perseve- 
rance ;"  weight,  S  tons,  17  cwt. 
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On  the  6tb,  the  first  engine  which  experimented  was 
^^  The  Rocket*'  of  Mr.  Stephenson,  an  external  view  of 
which  is  represented  in  the  preceding  cat. 

Its  construction  has  been  thus  described  in  a  periodical 
journal: — "The  furnace,  A,  is  two  feet  wide,  by  three 
feet  high;  the  boiler,  B,  is  six  feet  long,  and  three  feet  in 
diameter.  The  furnace  has  an  external  casing,  between 
which  and  the  fire-place  there  is  a  space  of  three  inches, 
filled  with  water,  and  communicating  with  the  boiler. 
The  heated  air  from  the  furnace  is  circulated  through  the 
boiler  by  means  of  twenty-five  copper  pi{>es,  of  three 
inches  each  in  diameter,  which  have  their  termination  in 
the  tall  chimney  C.  P  G,  are  safety  valves;  H  fl,  the 
steam  eduction  pipes;  D,  one  of  two  steam  cylinders,  which 
are  placed  in  an  inclined  position,  and  embrace,  like  two 
arms,  the  boiler  between  them.  E,  one  of  the  connecting 
rods,  which  give  motion  to  the  wheels;  a,  the  slide-valves; 
and  o,  one  of  two  escape-pipes.  M  is  part  of  the  tender 
appropriated  to  the  carriage  of  the  fuel ;  N,  the  water 
cask." 

From  this  description  of  Mr.  Stephenson's  machine,  it  is 
evidently  capable  of  affording  considerable  power.  A 
load  was  attached  to  it,  of  twelve  tons,  fifteen  hundred 
weight,  which  it  drew  at  the  rate  of  from  ten  to  eleven 
miles  in  the  hour,  and  when  the  weight  was  detached 
from  it,  it  attained  a  speed  of  about  eighteen  miles  in  the 
hour.  This  experiment,  it  would  appear,  was  only  in- 
tended as  a  rehearsal,  and  not  as  a  decisive  trial  of  its 
powers,  as  it  was  afterwards  proved  capable  of  producing 
more  than  double  that  effect,  as  we  shall  hereafter  describe, 
in  its  proper  place. 

The  next  engine  that  exhibited  its  locomotive  power 
was  "  The  Novelty,"  of  Messrs.  Braithwaite  and  Ericsson, 
which  was  much  admired  for  its  lightness  and  compact- 
ness; the  form  being  also  very  different  to  that  of  all 
other  locomotives  previously  used,  and  the  beauty  or  su- 
perior finish  of  its  workmanship,  made  it  an  object  of  great 
attraction.  In  the  annexed  cut^  a  side  elevation  of  it  is 
given. 
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The  preceding  engraving,  fig.  1,  exhibits  an  external 
elevation  of  the  machine.  F,  is  the  carriage«frame ;  E!, 
one  end  of  a  long  horizontal  cylinder,  forming  the  prin- 
cipal part  of  the  boiler,  which  extends  to  the  large  ver- 
tical vessel  A,  at  the  other  end  of  the  carriage,  and  con- 
tains forty-five  gallons  of  water;  L,  a  hopper,  to  supply 
the  fuel,  (which  is  carried  in  small  baskets  placed  on  the 
carriage,)  whence  it  is  conducted  by  a  tube  in  the  centre 
of  the  steam-chamber  A,  into  the  furnace  S,  beneath.  At 
C,  is  a  blowing  machine,  the  air  from  which  is  conducted 
by  a  pipe  under  the  carriage,  and  proceeding  by  the  tube 
K,  enters  the  ash-pit  M,  under  the  furnace;  Q,  is  a  pipe 
for  the  escape  of  the  heated  gases  after  the  combustion, 
and  forms  the  only  chimney  used;  B,  is  the  water-tank; 
at  D  N  are  two  working  cylinders,  with  their  steam-pipes 
and  valves;  the  cylinders  are  six  inches  in  diameter,  and 
have  a  twelve-inch  stroke;   O  G  are  connecting  rods,  . 

which  impart  the  force  of  the  engines  to  the  running 
wheels;  the  arrangement  of  these  parts  will  be  bettei 
comprehended  by  the  annexed  diagram,  fig.  8. 

The  axletrees  are.,  fixed  to  an  iron  rod  A,  and  slings 
are  introduced  at'  C,  to  prevent,  it  is  said,  the  side 
action  between  the  rod  and  the  carriage- frame  B;  and  to 
prevent  the  effect  of  the  springs  from  counteracting  the 
action  of  the  engine,  the  connecting  rods  at  D  are  placed, 
as  nearly  as  possible,  in  a  horizontal  position,  and  the 
motion  is  communicated  to  them  by  bell-cranks  at  E,  on 
each  side  of  the  carriage,  being  connected  by  the  slings  F, 
to  the  piston  rods.  The  pistons  used  are  the  patent  me- 
tallic of  Barton,  (described  at  page  427,)  and  the  running 
wheels,  the  patent  suspension  kind,  of  Theodore  Jones  and 
Co.  (See  Journal  of  Patent  Inventions^  vol.  ii.  page  66.) 

Fig.  3,  exhibits  a  section  of  the  boiler  introduced  by 
Messrs.  Braithwaite  and  Ericsson,  into  ^^  The  Novelty'' 
steam-carriage,  which  we  are  induced  to  insert  here,  as  it 
has  been  deemed,  by  some  tnjltf€iifuif  persons,  to  be  the  grand 
desideratum  in  this  branch  of  practical  mechanics ;  it  is, 
therefore,  desirable  that  its  real  merits  should  come  under 
the  consideration  of  the  reader* 
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(FIG.  3.) 


S,  is  (he  furnace  surrouoded  by  water,  and  L,  the  tube 
by  which  the  fuel  is  supplied  to  feed  the  6re;  M,  is  the 
ash-pit,  through  which  the  air  is  forced  by  the  pipe  K, 
from  the  bellows  of  the  enf^ine.  The  vessel  containing 
tbe  water  that  surrounds  the  furnace,  and  the  long  cylin- 
der  that  proceeds  horizontally  from  it,  constitute  the 
boiler,  as  shown  at  E  E  e.  The  flames  and  heated  air 
from  the  furnace,  after  ascending  by  the  action  of  the  bet- 
lows,  enter  a  long  tortuous  flue,  which  makes  three  turns 
in  the  entire  length  of  the  horizontal  boiler,  escaping 
finally  at  (he  chimney.  The  fuel  in  tlie  furnace  has,  there- 
fore, a  direct  action  upon  the  water  surrounding  it,  and 
ibe  water  in  (be  long  cylinder  is  operated  upon  by  the  gases 
in  the  flue,  which  gradually  tapers  from  the  furnace 
(t>  (he  chimney,  and  has  a  constan(  inclination  downward. 
This  part  of  the  arrangement  seems  to  be  good,  as  afford- 
ing convenient  means  of  cleansing  the  flues  of  any  sout 
(bat  may  deposit  itself  in  them,  which,  it  is  presumed,  may 
be  performed  at  any  time,  by  an  energetic  application  of 
(be  blowing  machine;  and  as  the  whole  of  the  furnace 
and  flues  is  surrounded  by  the  water  of  the  boiler,  there 
can  evidently  be  very  little  of  the  heat  from  the  fuel  mh- 
applied.  Notwithstanding  these  important  advantage!!, 
we  are  inclined  (o  believe  that  the  boiler  will  not  stand 
(he  test  of  experience;  we  8Uspec(  thai  the  boiler  will  bo 
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frequently  ^*  burnt  out/*  in  those  places  where  a  sudden 
turn  in  the  flue  causes  the  air  to  impinge  in  greater  quan- 
tity or  force  than  on  the  surrounding  portions.  Several 
failures  of  the  boiler  have  already  taken  place  near  the 
flange  a,  where  the  ascending  current  of  the  concentrated 
heat  of  the  furnace  first  impinges  with  great  force.  Should 
the  pumps  happen  to  fail  temporarily  in  supplying  the  re- 
quisite quantity  of  water,  (which  is  not  of  uufrequent 
occurrence,)  and  that  part  of  the  boiler  become  uncovered 
with  the  fluid,  it  would  instantly  be  made  red  hot,  and  a 
renewed  supply  of  water  afterwards  would  almost  infal- 
libly cause  a  violent  explosion  of  the  boiler,  by  the  sud- 
den generation  of  very  high  steam.  The  great  steam 
chamber  A,  is  also  a  source  of  great  danger,  by  its  inca- 
pacity to  withstand  any  sudden  increase  of  force.  Indeed, 
we  are  of  opinion  that  all  boilers  having  large  steam 
chambers  exposed  to  great  variations  of  temperature  and 
the  force  of  steam,  are  unsuited  to  high-pressure  engines, 
and  especially  those  employed  for  locomotive  purposes, 
for  evident  reasons. 

In  the  first  experiment  n)ade  with  this  engine,  no  load 
was  attached  to  it,  and  it  is  stated  to  have  darted  off  at  a 
velocity  of  twenty-eight  miles  per  hour,  and  that  one  mile 
was  performed  in  the  space  of  one  minute  and  fifty-three 
seconds.  Such  an  unexpected  and  extraordinary  velocity 
seemed  to  promise  ultimate  success  in  obtaining  the  prize, 
but  the  final  result  proved  otherwise,  by  the  engine  being 
put  out  of  order  in  the  effort.  On  the  following  day, 
*'  The  Novelty"  was  tried  with  three  times  its  own  weight 
attached,  which,  it  is  said,  it  drew  at  the  rate  of  twenty 
miles  and  a  half  per  hour;  but  the  authenticity  of  this 
statement  appears  very  doubtful,  by  its  emanating  from  a 
partisan,  and  being  unaccompanied  by  any  particulars  as 
to  time  and  distance. 

On  the  third  day  (Oct.  8)  of  the  contest,  "The  Rocket" 
of  Mr.  Stephenson  was  tried  in  the  precise  manner  directed 
by  the  judges  in  the  ^'  ordeal,"  quoted  at  page  606,  and 
it  was  understood  that  this  trial  should  be  considered  de- 
cisivi:  of  its  merits. 
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Tiie  engine,  with  its  complement  of  water  in  the  boiler, 
weighing  four  tons  five  hundred  weight,  had  her  load 
attached  to  it  of  twelve  tons  fifteen  hundred  weight, 
making,  with  the  persons  who  rode,  upwards  of  seventeen 
tons..  The  journey  was  one  mile  and  <^l¥^f?&ph^fiy,  with  ^^ 
additional  length  of  two  hundred  and  twienty  yards  at  each 
end,  to  stop  t^e  engine,  or  to  get  up  the  speed.  The  first 
experiment  was  for  ihir.ty-five  miles,  or  twenty  such  trips 
of  one  mile  and  three iquarter^  each,  which  ^^The  Rocket*^ 
performed,  including  all  the  stoppages,  jn  three  hours  and 
ten  minutes,  which  was  upwards  of  eleven  miles  per  hour* 
After  this,  a  fresh  supply  of  water  was  taken  in,  which 
occupied  sixteen  minutes,  when  the  engine  again  started, 
and  ran  the  thirty-|$ve  milcfs,  including  all  stoppages,  in 
two  hours  and  fifty'-two.  minutes,  whi^h  is  upwards  of 
twelve  miles  in  an  hour,  including  all  stoppages.  The 
speed  of  the  engine  over  the  ground,  with  the  prescribed 
load,  was  frequently  eighteen  miles  per  hour,  and  occa- 
sionally upwjards ,  of  twenty.  .  The  whole  performance 
was  considerably  greater  than  was  required  by  the  stipu- 
lations, or  than  had  hithertojbeen  accomplished  by  a  loco- 
motive engine.  ..      , 

"  The  Novelty"  ^as  the  next  engine  that  undertook 
the  appointed  task,  but  owing  to  some  derangement  hav- 
ing occurred  in  her  machinery,  she  was  obliged  to  stop 
almost  at  the  commencement  of  the  task  assigned. 

On  the  9th  of  October  (fourth  day  of  the  contest),  a 
public  notice  appeared  from  Messrs.  Braithwaite  and 
Ericsson,  stating,  that  in  consequence  of  the  alterations 
made  in  th^  conditions  of  the  competition,  the  trial  of 
their  engine^  in  t^e  manner  prescribed  by  the  new  '^  or- 
deal" had,  with  the  approbation  of  the  judges,  been  de- 
ferred to  the  following  day:,  no  trial,  therefore,  took 
place  on  that  day.  This  indulgence  to  Messrs.  Braith- 
waite and  Ericsson,  on  the  part  of  the  judges,  was  polite 
and  liberal,  and  evinced  a  spirit  of  fairness  which  nothing 
could  gainsay;  for  it  must  be  evident  to  every  body  who 
reads  the  ^^  ordeal": in  question,  that  the  terms  of  it  could 
form  no  ground  of  excuse  for  deferring  the  trial,  and  we 
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may  hence  infertile  probabilityof  the  machinery  of  "The 
Novelty*'  having  been  out  of  order. 

On  the  10th  of  October  (the  fifth  day  of  the  contest), 
"  The  Novelty*'  was  again  weighed,  and  its  load  assigned* 
The  steam  was  got  up  in  fifty^f&ur  minutes  from  the  time 
of  lighting  the  fire,  when,  upot^  starting  on  the  first  trip, 
something  gave  way,  whith  it  was  neceStory  to  have  re-> 
paired ;  this  was  done  in  the  course  of  the  day,  and  during 
the  time  so  occupied,  Mr.  Stephenson's  engine,  ^^The 
Rocket,'*  without  any  of  the  train  or  the  tender,  was  run 
twice  down  the  course  and  back,  making  seven  miles. 
Thus  "stripped  for  the  race,"  "The  Rocket'*  performed 
the  seven  miles,  including  the  stoppages  at  each  of  the 
four  trips,  in  the  short  period  of  fourteen  minutes  and 
fourteen  seconds,  which  is  at  the  rate  of  thirty  miles  the 
hour;  and  making  allowance  for  the  stoppages,  the  seven 
miles  may  be  considered  to  have  been  performed  at  the 
rate  of  at  least  thirty-five  miles  the  hour,  which  is  much 
more  than  any  performances,  even  for  a  shorter  period,  by 
any  other  carriage. 

After  this  extraordinary  performance,  Messrs.  Braith- 
waite  and  Ericsson  exercised  their  carriage  for  the  grati- 
fication of  the  spectators,  who  were  extremely  numerous, 
and  not  (as  they  stated)  with  a  view  to  a  decisive  exhibi- 
tion of  its  powers ;  but  the  utmost  velocity  "  The  Novelty'* 
attained,  without  stoppages,  fell  very  far  short  of  tho 
spepd  exhibited  by  "  The  Rocket,"  including  stoppages. 

On  the  sixth  day  of  the  contest  (Oct.  13),  Mr.  Hack- 
worth's  engine,  "  The  Sans  Pareil,'*  was  pronounced  to  be 
ready  for  the  "  ordeal."  On  weighing  it,  it  was  found 
to  exceed  the  weight  of  six  tons,  limited  in  the  published 
"stipulations  and  conditions;"  it  could  not,  under  this 
circumstance,  become  entitled  to  the  prize,  even  if  its 
performance  should  exceed  the  others  in  its  experimental 
trials,  but  it  was  allowed  to  undertake  the  seventy  miles, 
with  three  times  its  weight  attached  to  it.  It  soon  became 
manifest  that  the  engine  was  of  a  very  efiicient  kind.  For 
two  hours,  "The  Sans  Pareil"  kept  going  with  great  re- 
gularity, with  its  prodigious   load  of  twenty-five  tons 
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altogether,  and  in  that  time  performed  twenty-fi^e  niilt»>, 
including  all  stoppages  at  the  ends  of  the  line,  which  wax 
atlhe  rate  of  twelve  miles  and  a  half  per  hour,  in  the 
middle  of  the  line,  when  its  average  speed  was  obtained, 
the  performance  waa  at  the  rate  of  about  fifteen  miles  the 
hour.  While  thus  proceeding  so  satisfactorily,  one  of  the 
feed-pipes  burst,  which  rendered  it  incapable  of  proceeding. 
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The  engraviDg  represents  a  side  elevation  of  the  engine 
and  its  tender,  on  the  scale  of  a  quarter  of  an  inch  to 
the  foot,  which  is  the  same  as  ^^  The  Rocket."  The  arrange- 
ment of  the  furnace,  boiler,  and  flue,  is  shewn  in  the  sub* 
joined  diagram ; 
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a  being  the  furnace,  6  6  the  flue,  or  tube,  through  the 
boiler,  and  c  the  chimney.  The  boiler  is  of  the  kind  pa- 
tented by  Tnevithick,  as  far  back  as  1804,  and  is  unques- 
tionably calculated  to  economise  heat,  as  the  furnace  and 
flue  are  completely  surrounded  by  the  water  in  the  boiler, 
as  represented  at  4>  o  o  o.  D  represents  one  of  the  two 
working  cylinders,  the  pistons  of  which  act,  through  the 
medium  of  connecting  rods  (which  operate  as  cranks),  upon 
the  hind  pair  of  the  running  wheels  ;  and  the  motion  of  the 
latter  is  communicated  to  the  fore  wheels  by  horizontal 
connecting  rods  E,  causing  both  pair  ef  wheels  to  revolve 
together,  by  tlic  direct  power  of  the  engine ;  G  is  a  pipe  for 
conveying  the  waste  steam  into  the  chimney.  The  mode 
of  communicating 'the  power  of  the  engine  to  both  pair  of 
wheels,  must,  we  think,  be  attended  with,  the  important 
advantage  of  obtaining  more  adhesion  to  the  rails,  and  con- 
sequently of  enabling  it  to  draw  a  greater  load« 

On  the  7th'  day,  it  was  appoiitted  that  a  decisive  trial 
should  be  made  of  ^^The  Novelty,"  which  had  been  re- 
peatedly deferred,  owing  to  the  derangement  of  so^|^  part 
of  the  machinery.  It  was  stated,  on  the  part  of  Messrs. 
Braithwaite  and  Ericsson,  that  a  fresh  pipe  had  been 
substituted  for  the  one  which  failed  on  the  preceding  trial ; 
and  ^^  one  or  two  other  parts  of  the  machinery,  that  were 
in  a  faulty  state,  had  been  renovated;"  but  the  engine, 
with  the  exception  of  some  of  the  flanges  of  the  boiler 

87.  4it 
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being  rather  greeny  was  pronoanced  in  a  working  state* 
The  load  assigned  to  it  by  the  judges  was  thus  calculated : — 

iMif.  CMC  frt.  Jte 

Weight  of  the  engine,  without  any  water  or  fuel   %    16    0    0 

Deduct  for  weight  of  tank  and  coke  baskets,  and  the 
quantity  of  water  and  fuel  deemed  necessary  for  a 
journey  of  thirty-five  miles 0    16    1     9 

Net  weight  of  the  Novelty's  working  power,  exclusive  of 

the  water,  fuel,  tank,  &c 1     18    8  19 

X  by  3 


"*-■ 


Given  weight  to  be  drawn,  dropping  the  fractional  parts  6    16    0    0 

The  engine  now  started  to  perform  the  seventy  miles  for 
a  continuance ;  but,  just  as  it  had  completed  its  second 
trip  of  three  miles,  another  derangement  of  the  boiler  took 
place,  which  obliged  it  to  stop ;  and  it  becoming  evident  to 
the  proprietors  that  the  machinery  of  ^^  The  Novelty*'  was 
too  ineflBcient  to  proceed  in  the  contest,  they  gave  notice 
to  the  judges  that  they  would  withdraw  their  engine  from 
any  further  trial,  and  leave  it  to  be  judged  by  the  perfor- 
mances if  had  already  exhibited. 

After  this  occurrence,  Mr.  Burstairs  engine,  ^^The  Per- 
severance'' which  had  met  with  some  injury  in  its  journey 
from  Edinburgh  to  Liverpool,  but  had  been  since  re* 
paired,  was  put  to  the  ^^  ordeal ;"  but  the  utmost  speed  it 
attained  was  not  more  than  five  or  six  miles  an  hour,  owing 
to  some  derangement  of  its  parts.  The  mechanical  com- 
binations in  the  machine  are  nearly  similar  to  that  de- 
scribed at  page  522. 

The  course  was  thus  left  clear  to  Mr.  Stephenson,  to  re- 
ceive the  fairly- won  prise  of  £500,  for  the  production  of 
the  best  locomotive  steam  engine  hitherto  constructed  for 
railways.  The  intrinsic  value  of  the  prize  is,  however,  of 
trifling  consideration,  when  compared  with  that  of  estab- 
lishing his  reputation  as  an  engineer  on  such  a  high  and 
firm  basis.  The  orders  for  all  or  the  greater  part  of  the 
engines,  he  will  necessarily  execute,  and  most  likely,  by  his 
experience  and  talent,  continue  to  improve  them,  so  as  to 
take  the  lead  in  this  important  branch  of  mechanics. 


AND  LITBSPOOL  RAIL-WAT.  619 

In  the  list  of  the  rival  machines  given  at  page  11^  is  in* 
eluded  the  *'  Cyclopede,"  constructed  by  Mr.  Brandreth,  of 
Liverpool ;  but,  on  account  of  its  not  being  propelled  by 
the  power  mentioned  Jn  the  **  stipulations  and  condi- 
tions," it  could  not  be  considered  as  enteriog  the  lists  for 
the  prize  therein  proposed;  it  was,  however,  an  inquiry 
well  worth  the  investigatioo,  what  degree  of  power  horses 
could  exert,  in  a  locomotive  machine  of  the  kind,  and 
thereby  determine  its  comparative  economy,  with  that  of 
steam.  The  inventor,  Mr.  Thomas  Shaw  Brandreth,  of 
Liverpool,  barrister-at'law,  took  out  a  patent  for  this 
machine,  on  the  9th  of  September,  1829 ;  a  side  elevation 
and  plan  of  which  are  given  in  the  subjoined  figures. 

(FIG.  I.) 


iBrandreth's  Patent  Cyclopede.   1829.) 
(PIG.  2-) 
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It  consists  in  an  endless  chain  aaa^  inade  of  plankri, 
about  an  inch  and  a  halfthick,  and  four  inches  wide,  extend* 
ing  across  the  bed  of  the  carriage,  attached  at  tiieir  extremi* 
ties  to  ropes,  and  carried  over  a  drum  b  fr,  at  each  end  of  the 
carriage,  as  shewn  in  the  plan  at  fig.  2.  To  strengthen 
these  cross  pieces,  and  to  prevent  one  of  them  from  slipping 
down  by  itself,  a  cleat  e  c,  is  nailed  on  the  end  of  eachy 
and  extends  half  way  across  those  next  to  it  on  each  side ; 
the  position  of  these,  as  they  pass  over  the  drums  b  6,  will 
best  show  their  extent  and  attachments*  The  chain  plat- 
form is  supported  on  a  series  of  anti-friction  rollers  eeee^ 
The  horse  is  yoked  to  the  frame,  and  by  treading  on  the 
moveable  platform^ drives  it  round, by  which  thedrums  bb^ 
are  made  to  revolve,  and  through  the  medium  of  the  spur 
wheels,  shewn  in  the  plan,  puts  in  motion  the  carriage 
wheels.  Two  sets  of  spur  gear  are«provided,  one  at  each 
end  of  the  drum,  so  that  either  may  be  put  in  action 
at  pleasure,  and  be  adjusted  according  to  the  nature  of 
the  road,  whether  in  ascents,  descents,  or  on  horizontal 
planes,  the  speed  or  power  being  duly  proportioned  to 
the  plane  operated  upon  ;  r  a  represent  the  rope  which 
is  attached  to  the  endless  chain,  and  w  w,  the  rail-way. 

It  will  be  observed  that  by  this  arrangement  the  horse 
.  employed  to  propel  the  carriage  b  carried  along  with  it, 
and  thus  a  velocity  of  motion  is  produced  in  the  machine, 
far  beyond  the  limits  at  which  a  horse  can  exert  his  power. 
Now  as  it  has  been  ascertained  that  the  resistance  from  fric- 
tion on  a  level  railway  does  not  increase  with  an  increase 
of  speed,  it  follows  that  in  many  cases  much  advantage 
might  be  obtained,  by  an  increase  of  velocity  greatly  ex- 
ceeding that  at  which  a  horse  could  exert  his  power,  or 
even  travel  on  the  roadj  without  exerting  any  power  of  trac- 
tion. The  principal  objection  raised  against  this  plan,  is, 
that  the  horse  has  to  carry  his  own  weight }  but  this  ob« 
jection  equally  applies  to  the  locomotive  steam  engine. 
'^The  Cyclopede"  weighed  three  tons,  of  which  the  horse 
probably  made  half  a  ton ;  therefore,  one-horse  power 
weighs  half  a  ton.  ^^  The  Sans  Parieir*  weighed  six  tons, 
from  which  if  we  deduct  two  tons  for  the  weight  of  the 
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carriage  frame  and  wheels,  it  leaves  four  tons  for  the 
engine,  boiler,  water,  fuel,  &c.  which  must  be  pretty  Hear 
the  truth;  therefore,  if  the  steam  power  produced  in  the 
Sans  Pareil  was  not  more  than  equivalent  to  the  force  of 
traction  of  eight  horses,  no  advantage  was  gained  thereby; 
unless  it  can  be  shewn  that  the  cost  of  fuel,  the  wear  and 
tear  of  machinery,  interest  of  money  of  first  cost,  &c.  of 
the  Sans  Pareil,  was  not  eight  times  the  cost  of  the  keep- 
ing the  horse,  &c.  of  the  Cyclopede.  The  next  point  of 
inquiry  seems  to  be,  whether  the  Sans  Pareil  did  exert 
a  power  of  more  than  eight  horses,  in  drawing  twenty-five 
tons  weight  along  the  rail-way.  To  ascertain  this  fact,  the 
resistance  of  the  rail- way  to  the  load  moving  thereon  must 
be  known ;  without  a  knowledge  of  which,  it  would  be 
useless  to  enter  into  the  inquiry.  In  the  absence  of  cor- 
rect data,  we  are  inclined  to  believe  that  not  four  horses* 
power  was  exhibited  by  ^'  The  Sans  Pareil,"  and  conse- 
quently that  the  application  of  horse  power,  in  the  manner 
proposed  by  Mr.  Brandretb,  is  well  deserving  of  a  careful 
trial. 

The  trial  made  on  the  Liverpool  Railway,  with  this 
machine,  was  however  far  from  successful ;  a  speed  of  only 
five  or  six  miles  an  hour  being  obtained ;  an  eye-witness 
informs  us  that  ^^the  principle  had  not  fair  play,"  that 
^^  the  apparatus  was  of  very  rude  construction,"  and  the 
horses  (two  being  employed  with  two  endless  chains,  and 
not  one,  as  before  described,)  had  not  room  to  exert  them- 
selves, owing  to  the  stalls  in  which  they  worked  being 
made  too  small.  We  are  far  from  thinking  that  a  very 
convenient  and  useful  machine  may  not  be  made  on  the 
principle  herein  developed. 

Another  method  of  employ  ing  the  power  of  horses,  in  mov- 
ing rail-way  carriages,  in  which  the  animal  giving  the  power 
was  supported,  was  invented  by  Mr.  Snowden,  about  five 
years  ago,  which  we  shall  describe,  after  having  concluded 
our  account  of  the  Manchester  and  Liverpool  Rail-way. 

^^The  peculiarity  of  the  exhibition  in  the  several  days  of 
trial,"  (Mn  Booth  observes),  ^^  attracted  a  large  concourse 
of  spectators,  and  the  unexampled  speed  of  the  Novelty 
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and   the  Rocket,  excited   universal  surprise  and  adoii*- 
ration. 

^^  The  trial  of  these  engines^Che  con  tin  Qes)may  beTegarded 
as  constituting  a  new  epoch  in  the  progress  of  mechanical 
science,  as  relating  to  locomotion.  The  most  sanguine 
advocates  of  travelling  engines  had  not  anticipated  a 
speed  of  more  than  ten  or  twelve  miles  per  hour.  It  was 
altogether  a  new  spectacle,  to  behold  a  carriage  crowded 
with  company,  attached  to  a  self-moving  machine,  and 
whirled  along  at  the  rate  of  thirty  miles  per  hour.'* 

Extraordinary  and  brilliant  as  the  results  undoubtedly 
were,  there  is  not,  we  think,  any  just  cause  for  surprise,  in 
the  power  of  the  engines,  which  at  most  did  not  exceed 
four  horses ;  the  velocity  acquired  may  rather  be  attributed 
to  the  excellence  of  the  railway,  which  requires  so  small 
a  comparative  force,  to  move  a  given  weight  thereon. 
Greater  velocity  of  motion  than  that  obtained  is  scarcely 
desirable,  but  we  make  no  doubt  that  ere  long  such  im* 
provements  will  be  made  in  the  engines,  tending  to  reduce 
the  friction  of  the  moving  parts,  augment  the  production 
of  steam,  and  apply  it  more  economically,  that  the  effective 
power  hitherto  exhibited  will  be  considerably  increased. 
A  limit  to  the  power  of  draught,  obtained  by  th^  force  of 
the  engine,  is  made  by  the  want  of  adhesiveness  of  the 
wheels  pf  the  engine  carriage  to  the  railway;  and  this 
limit  cannot  be  extended  without  increasing  the  weight 
of  the  engine  carriage ;  unless,  indeed,  the  railway  company 
were  to  introduce  Mr.  W.  H.  James's  plan  of  communicat- 
ing the  power  of  the  engine  to  some  of  the  carriages  9( 
the  train,  described  at  page  588.  A  great  advantage  would, 
we  think,  result  from  the  application  of  Mr.  James's  appa* 
ratus,  as  that  would  save  the  rails  from  being  partially 
and  injuriously  loaded  with  unnecessarily  heavy  and 
cumbersome  engines. 

The  question  between  locomotive  and  fixed  engines 
was  practically  settled4>y  the  trials  at  Rainhill.  The  fit- 
ness of  locomotives  for  travelling  at  almost  any  speed 
that  could  be  desired,  was  strikingly  exemplified  ;  and  the 
importance  of  this  circumstance  was  duly  estimated,  the 
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eoBTeyance  of  passengers  between  JLiverpool  and  Man- 
chester^ having  long  been  considered  a  valuable  branch  of 
the  undertaking.     There  still  remained  one  point  to  be 
settled,  viz.  the  kind  of  power  to  be  employed  in  ascending 
the  inclined  planes  of  Whiston  and  Sutton.    These  planes 
are  each  a  mile  and  a  half  long,  with  an  inclination  of 
three  eighths  of.an  inch  to  the  yard,  being  a  rise  of  one  in 
ninety*six.    Stationary  engines  on  the  summit,  with  ropes 
passing  over  sheaves  or  pulleys  along  the  whole  ascent, 
are  the  means  resorted  to,  at  the  inclined  plane  in  the 
Liverpool  Tunnel,  also  on  the  Darlington  inclined  planes, 
and  at  the  Collieries  in  the  North.     It  was  quite  evident, 
however,  that  such  a  plan  of  operations,  in  the  centre  of  the 
Liverpool  and  Manchester  line,  with  the  interruption  to 
be  expected  from  a  change  in  the  moving  power,  to  say 
nothing  of  the  danger  always  to  be  apprehended  from  a 
system  of  ropes  and  pulleys,  was  to  be  avoided,  if  possible. 
It  became  an  object,  therefore,  of  no  small  interest,  to  as- 
certain the  power  of  the  new  locomotives  on  the  planes  in 
question ;  and  in  the  first  place,  as  the  effective  power  of 
the  engine  is  necessarily  limited  by  the  adhesion  of  the 
wheels  on  the  rails,  (inasmuch  as  if  a  force  be  exerted  be- 
yond that  point,  the  wheels  will  turn  round,  while  the 
carriage  will  remain  stationary,)  it  was  important  to  know 
whether  this  difficulty  was  likely  to  occur  on  the  planes 
in  question.     It  has  been  ascertained  that  the  adhesion  of 
the  engine  wheels  (as  now  constructed  with  wrought-iron 
tires)  on  wrought-iron  rails,  is  equal  to  one-twentieth  of 
the  weight  of  the  machine,  in  the  most  unfavourable  state 
of  the  rails.     If  the  engine  weigh  four  tons  and  a  half,  the 
adhesion  on  the  four  wheels  would  be  one-twentieth  of 
that  weight,  or  about  five  hundred  pounds  ;  or  supposing, 
which  is  frequently  the  case,  that  the  machinery  is  only 
connected  with  two  wheels,  then,  if  the  weight  be  equally 
divided,  the  adhesion  will  be  two  hundred  and  fifty  pounds ; 
which,  multiplied  by  two  hundred,  ihe  friction  being  only 
one-two  hundreth  of  the  gravity  of  the  load,  commensu- 
rate with  the  adhesion,  in  the  most  favourable  state  of  the 
rails,  about   forty  tons  being  the  adhesive  load  in  an 
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average  state  of  the  rails.  Now  these  being  the  data,  an 
inclined  plane,  rising  one  yard  in  a  hundred,  will  present 
no  impediment  on  the  ground  of  adhesion,  provided  the 
system  be  to  maintain  the  same  speed  throughout  the 
journey ;  for  supposing,  as  above,  that  the  adhesion  of  the 
engine  wheels  on  the  level,  be  equal  to  two  hundred  and  fifty 
pounds,  it  will  be  the  same  on  the  inclined,  minus  one- 
hundreth  part,  (two  and  a  half  pounds),  a  difference  so 
small  as  to. occur  every  day,  in  the  varying  states  of  the 
rails,  and  quite  unnecessary  to  be  taken  into  the  calcula- 
tion. The  question  to  be  decided,  therefore,  was,  the poioer 
of  the  engine  to  take  a  load  up  the  inclined  plane,  the 
adhesion  being  equal  to  the  power,  at  similar  speeds  ;  for 
instance,  seven  tons  on  an  inclined  plane,  rising  one  in  a 
hundred,  is  a  proportionate  load  to  thirty  tons  on  a  level, 
at  fifteen  miles  per  hour,  the  weight  of  the  engine  being 
four  and  a  half  tons,  as  explained  hereafter  ;  but  if  it  be 
attempted  to  take  thirty  tons  up  the  plane,  by  going  pro- 
portionately  slower,  the  power  of  the  engine  might  do 
this,  but  the  adhesion  of  the  wheels  would  be  insufficient, 
and  they  would  turn  round,  while  the  engine  stood  still; 
because  thirty  tons  on  the  inclined  plane  are  equal  to  ninety- 
nine  on  a  level,  and  we  have  supposed  the  adhesion  to  be 
equal  to  forty  tons  on  a  level.  It  follows,  therefore,  either 
that  the  engine  must  be  worked  below  the  adhesiveness  of 
the  wheels  on  the  level,  or  the  proportionate  load  cannot 
be  increased  by  diminishing  the  speed  on  the  inclined 
plane. 

During  the  trials  at  Rainhill,  in  October  last,  '^  The 
Rocket*'  frequently  ascended  the  Whiston  inclined  plane, 
with  a  carriage  holding  from  twenty  to  thirty  passengers, 
at  a  speed  of  from  fifteen  to  eighteen  miles  per  hour;  and 
the  ease  and  regularity  with  which  this  was  effected,  pro- 
duced a  general  impression,  that  even  up  inclined  planes 
the  locomotive  engine  would  be  the  power  employed.  In- 
deed, the  feeling  at  the  moment  was  very  prevalent,  that 
it  was  immaterial  whether  the  engine  travelled  up  an  in- 
clined plane,  or  on  a  level;  but  subsequent  experiments 
nave  fully  established,  what  it  would  have  been  only  rea« 
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9onable  to  assume,  a  priori^  that  the  power  of  an  engine 
diminishes  in  proportion  to  the  degree  in  which  the  plane 
is  inclined,  till  it  reaches  a  point  when,  adhesion  termina- 
ting, the  wheeb  turn  round  without  advancing,  and  that, 
therefore,  without  assistance  of  some  sort,  ascending  such 
inclines  as  those  of  Whiston  and  Sutton,  an  engine  must 
either  go  at  a  less  speed,  or  draw  a  less  weight.  For  ex- 
ample, ^^  The  Comet*'  locomotive,  a  new  engine,  on  the 
same  plan  as  ^^  The  Rocket,"  ascended  the  Whiston  in- 
clined plane,  with  about  twenty-six  tons  behind  her,  with 
a  speed  diminishing  from  the  rate  of  between  sixteen  and 
eighteen  miles  at  the  commencement,  to  about  three  or 
four  miles  per  hour,  before  she  reached  the  top.  But  it 
would  be  quite  erroneous  from  these  data,  to  take  the 
average  between  three  and  eighteen,  and  to  infer  that  the 
power  of  the  engine  was  equal  to  convey  a  load  of  twenty- 
six  tons  up  an  inclination  of  one  in  ninety-six,  at  ten  miles 
and  a  half  per  hour;  her  real  power,  estimated  in  a  conti- 
nuing speed  with  the  above  load,  being  only  three  or  four 
miles,  or  proportionate  to  about  seven  tons  up  the  same 
plane,  at  fifteen  miles  per  hour.* 

On  the  14th  of  June^of  the  present  year,  an  experiment 
was  made,  as  a  preliminary  measure  to  a  general  opening, 
well  calculated  to  exhibit  the  peculiar  character  of  rail- 
way conveyance,  and  to  put  to  the  test  the  capabilities  o. 
the  locolnotive  engine,  both  on  a  level  and  up  inclines 
On  this  occasion  the  directors,  in  two  carriages,  proceeded 
oa  a  journey  of  inspection,  from  Liverpool  to  Manchester 
and  back.  ^^  The  Arrow,"  another  of  Mr.  Stephenson^s 
engines,  was  the  proving  power.  The  gross  weight  drawn 
was  about  thirty-three  tons,  consisting  as  follows : — 


*  It  is  worthy  of  remark,  in  connexioD  with  thia  branch  of  the  sub- 
ject, that,  in  considering  the  section  for  a  proposed  rail-way,  the  length 
of  the  inclined  planes  should  be  taken  into  the  account,  as  well  as  the 
•teepness  of  the  ascent;  since,  on  a  plane  half  a  mile  long,  it  is  evi- 
dent macb  more  may  be  aocomplathed,  than  on  one  three  or  four  times 
that  length. 

27.  4  k. 


6^26  ACCOUNT  OF  Tlie   MA.NCUBSI'ER 

Tout, 

Stone,  in  seven  waggons SO 

Weight  of  waggons ...••  7 

Engine-tender  and  six  persons    3 

Two  carriages  and  twenty  persons    . . .  •  ^ 8 

33 

With  this  loftd^she  travelled  from  the  engine-houfie,  Li- 
verpool, to  Old  Field-lane  Bridge,  Salford,  Manchester,  the 
distance  being  about  twenty-nine  miles,  in  two  hours  and 
twenty-five  minutes,  including  two  stoppages  to  take  in 
water.  Up  the  Whiston  inclined  plane  she  was  assisted 
by  '^  The  Dart,"  an  engine  of  similar  construction  and 
power;  and  the  first  quarter  of  a  mile  of  the  ascent  was 
accomplished  at  a  speed  of  seventeen  miles  p0r  hour,  be* 
fore  the  summit  was  gained,  the  mile  and  a  half  being 
accomplished  in  twelve  minutes;  the  average  speed  being 
therefore  seven  miles  and  a  half  per  hour.  At  the  top  of 
the  ascent  the  "  Dart"  was  unyoked,  and  the  "  Arrow'* 
proceeded,  with  her  cargo,  along  the  straight  and  level 
plane  at  Rainhill,  at  the  rate  of  sixteen  miles :  an  hour. 
On  the  return  (torn  Manchester,  the  engine- tender,  and 
the  two  carriages  with  passengers,  constituted  the  whole 
load  drawn.  The  first  nine  miles  and  a  quarter,  from 
Old  Field-lane  Bridge  to  Glazebrook  Bridge,  including 
the  Chat-n\08s  district,  were  accomplished  at  a  speed  aver- 
aging from  nineteen  to  twenty  miles  per  hour.  The  whole 
distance  was  accomplished  in  one  hour  and  forty-six  mi- 
nutes, including  stoppages,  the  speed  generally  varying 
fronl  eighteen  to  twenty-five  miles  and  upwards  per  hour, 
and  the  engine  not  working  to  her  full  power  a  great  por- 
tion of  the  way.  The  speed  of  the  Sutton  inclined  plane 
(without  any  assistant  engine)  averaged  more  than  fifteen 
miles  per  hour.  The  day  was  wet,  and  the  rails  in  some 
places  very  dirty ;  the  whole  performance,  therefore,  took 
place  under  circumstances  by  no  means  favourable,  b\it 
the  result  was  highly  satisfactory. 

Perhaps  the  most  'striking  result  produced  by  the  com- 
pletion of  this  rail-way,  is  the  sudden  and  marvellom 
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change  which  has  been  effected  in  our  ideas  of  time  and 
space.  Notions  which  we  have  received  from  our  ances* 
tors,  and  verified  by  our  own  experience,  are  overthrown 
in  a  day,  and  a  new  standard  erected,  by  which  to  form 
our  ideas  for  the  future ;  speed,  despatch,  distance,  are 
still  relative  terms,  but  their  meaning  has  been  totally 
changed  within  a  few  months :  what  was  quick,  is  now 
slow ;  what  was  distant,  is  now  near ;  and  this  change  in 
our  ideas  will  not  be  limited  to  the  environs  of  Liverpool 
and  Manchester,  it  will  pervade  society  at  large.  A  tran- 
sition in  our  accustomed  rate  of  travelling,  from  eight  to 
ten  miles  per  hour  to  fifteen  or  twenty  (not  to  mention 
higher  speeds),  gives  a  new  character  to  the  whole  in- 
ternal trade  and  commerce  of  the  country.  A  saving  of 
time,  is  a  saving  of  money.  For  the  purposes  of  locomo 
tion,  about  half  the  number  of  carriages  will  suffice,  for 
the  aggregate  travelling,  or  transit  of  goods,  may  be 
doubled,  or  more  than  doubled,  without  any  additional 
expense  to  the  community.  The  traveller  will  live  double 
times;  by  accomplishing  a  prescfibed  distance  in  five 
hoars,  which  used  to  require  ten^  he  will  have  the  pthei 
five  at  his  own  disposal.  The  man  of  business  in  Man- 
chester will  breakfast  at  home,  proceed  to  Liverpool  by 
the  railway,  transact  his  business,  and  return  to  Manches- 
ter to  dine.  A  hard  day's  journey  is  thus  converted 
into  a  morning's  excursion. 

It  has  been  well  observed  in  our  public  journals,  that 
Manchester  is  thus  brought  as  near  to  Liverpool,  as  the 
ea$;t  to  the  west  end  of  London;  whether  we  estimate 
vicinity  by  the  cost  of  conveyance,  or  the  time  not  unfre- 
quently  spent  in  effecting  it.  Gradually,  the  whole  in- 
ternal traffic  of  the  country,  with  all  the  Varieties  of  local 
intercourse,  will  assume  a  new  character.  Already  a  rail 
way,  on  a  grand  scale,  is  advertised,  from  London  to  Bir- 
mingham, and  from  Birmingham  to  Liverpool;  and  thus 
is  commenced  that  grand  trunk,  which  will  unite  the  north 
and  the  south,  and  bring  into  closer  communication  the 
capitals  of  England,  Scotland,  and  Ireland.  There  can 
be  no  question  that  foreign  countries  will  adopt  the  rail- 
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way  comnmnication,  as  one  great  step  in  mechanical  fni<« 
prorements  and  commercial  enterprise.  France,  Germany, 
and  America^  have  already  their  rail- ways,  and  the  Pacha 
of  Egypt  may  be  expected  to  follow  close  on  the  heels  of 
his  brother  potentates.  The  country  of  pyramids,  of 
Memphis,  and  of  Thebes^  will  then  be  celebrated  for  rail- 
ways and  steam  carriages;  the  land  of  the  proitd  Mame- 
luke or  the  wandering  Arab,  of  spbynxes  and  mummies, 
will  become  the  theatre  of  mechanical  inrention,  science, 
and  the  arts.  From  west  to  east,  and  from  north  to  south, 
the  mechanical  principle^  the  philosophy  of  the  nineteenth 
century,  will  extend  itself,  and  the  wbc^e  world  will  re<* 
ceive  a  new  impulse. 

On  the  15th  of  September,  1890,  this  stupendous  work 
was  opened  for  public  use,  before  countless  myriads  of 
people  assembled  to  witness  the  show,  ceremony,  proces- 
sion, and  festivity  provided  for  the  occasion.  Eight  loco* 
motive  engines,  all  constructed  by  Messrs.  Stephenson 
and  Co.  of  Newcastle,  were  put  into  requisition  for  this 
purpose,  viz.  the  Northumbrian,  the  Phcenix,  the  North 
Star,  the  Dart,  the  Comet,  the  Arrow,  the  Meteor,  and 
the  Rocket,  which  last  is  the  identicabengine  we  have  re- 
cently described  and  referred  to,  see  page  606.  Messrs. 
Braithwaite  and  Ericsson  had  also  constructed  two  en- 
gines for  the  procession,  of  very  beautiful  appearance, 
but  as  they  proved  to  be  in  an  inefficient  state  for  work- 
ing, they  were  not  employed  on  the  occasion.  The  ar- 
rangements made  for  the  procession  were  excellent.  Each 
engine  had  a  train  of  carriages,  with  distinguishing  co- 
lours and  ensigns,  and  every  visitor  to  whom  a  seat  was 
assigned,  had  a  card  of  a  similar  colour,  with  a  number 
upon  it,  answering  to  the  number  affixed  to  his  seat,  by 
which  all  confusion  in  marshalling  the  company  who  rode 
in  the  carriages  was  avoided,  as  each  visitor  had  only  to 
place  himself  under  the  colour  and  number  represented 
on  his  card  of  admission. 

The  Northumbrian  was  appointed  to  take  the  lead  in 
the  procession,  drawing  a  splendid  carriage,  appropriated 
for  the  reception  of  the  most  distinguished  individuals 
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who  attended  the  ceremony-  The  total  number  of  persons 
accommodated  with  seats  amounted  to  nearly  seven  hun« 
dred.  At  twenty  minutes  after  eleven  o^clock,  the  pro- 
cession commenced  its  progress  towards  Manchester,  the 
Northumbrian  taking  exclusively  one  of  the  two  lines  of 
rail^  and  the  rest  of  the  engines  the  other. 

A  public  writer,  who  was  present,  eloquently  observes, 
^^  The  brilliancy  of  the  cortige  the  novelty  of  the  sight, 
considerations  of  the  almost  boundless  advantages  of  the 
stupendous  power  about  to  be  put  in  .operation,  gaye  to 
the  spectacle  an  interest  unparalleled*  On  every  side  the 
tumultuous  Toice  of  praise  was  heard,  and  countless  thou- 
sands waved  their  hats,  to  cheer  on  the  sons  of  enterprise 
in  this  their  crowning  effort*  After  passing  Wavertree 
Lane,  they  entered  the  deep  ravine  at  Olive  Mount,  and 
the  eye  of  the  passenger  could  scarcely  find  time  to  rest 
on  the  multitudes  that  lined  the  roads,  or  admire  the  va- 
rious bridges  thrown  across  this  great  monument  of  human 
labour.  Shortly  afterwards,  Rainhill  Bridge  was  neared, 
and  the  inclined  plane  of  Sutton  was  ascended  at  a  slack- 
ened rate.  When  the  summit  was  gained,  twenty-four 
miles  an  hour  became  the  maximum  of  the  speed.  About 
noon,  the  procession  passed  over  Sankey  Viaduct.  The 
scene  at  this  part  was  particularly  striking.  The  fields 
below  were  occupied  by  thousands,  who  cheered  us  as  we 
passed  over  the  stupendous  edifice;  carriages  filled  the 
narrow  lanes,  and  vessels  on  the  water  had  been  detained, 
in  order  that  their  crews  might  gaze  up  at  the  gorgeous 
pageant  passing  far  above  their  mast  heads.  Shortly  after 
we  passed  the  borough  of  Newton,  and  reached  Parkside, 
seventeen  miles  from  Liverpool."  Here  the  engines 
stopped  to  take  in  a  supply  of  water  and .  fuel.  The 
Phcenix  and  the  North  Star  having  taken  in  their  sup^ 
plies,  had  resumed  their  journey,  and  passed  the  North- 
umbrian, which  remained  stationary  on  the  other  line,  in 
order  that  the  whole  train  of  carriages  might  here  pass 
in  review  before  the  distinguished  company  of  the  North- 
umbrian. Several  gentlemen  embraced  this  opportunity 
to  alight  fronr  the  state-carriage,  and  were  walking/about 
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the  road ;  among  the  number  was  the  late  Mr.  UuBkiason, 
member  of  Parliament  for  Liverpool,  who  was  unfortu- 
nately thrown  down  by  the  Rocket  tiiteam  carriage,  as  it 
passed  by  the  Northumbrian,  the  wheels  of  the  Rocket 
passing  over  his  leg  and  thigh,  which  fractured  them  so 
severely  as  to  cause  death,  a  few  hours  afterwards.  This 
lamentable  occurrence  threw  a  gloom  oyer  the  proceedings, 
and  the  festivity  provided  for  the  occasion  at  Manchester 
and  Liiverpool  was  refrained  from,  by  the  majority  of  the 
company.  The  directors  of  'the  rail-way,  after  discussing 
what  course  they  should  pursue,  under  this  distressing  cir- 
cumstance, came  to  the  resolution  that  they  had  a  duty  to 
perform  to  the  proprietors,  which  was  to  continue  the 
journey  on  to  Manchester,  te^complete  the  opening  of  the 
rail-way,  according  to  public  announcement,  which  was 
accordingly  done;  the  procession  returning  to  Liverpool 
the  same  evening,  without  any  occurrence  worthy  of  par- 
ticular notice. 

On  the  Thursday  morning  after  the  opening  of  the  rail- 
way, the  Northumbrian  left  Liverpool,  with  one  hundred 
and  thirty  passengers,  and  arrived  at  Manchester  in  one 
hour  and  fifty  minutes.  In  the  evening,  it  returned  with 
one  hundred  and  twenty  passengers,  and  three  tons  of 
luggage,  in  one  hour  and  forty-eight  minutes.  This  was 
the  first  journey  performed  for  hire ;  the  fare  charged 
was  seven  shillings  each  person.  On  Friday,  the  17th,  six 
carriages  commenced  running  regularly  between  the  two 
towns;  one  starting  from  each  place  at  the  hours  of  seven 
in  the  morning,  twelve  at  noon,  and  four  in  the  afternoon. 
The  time  occupied  in  the  journey  is  seldom  more  than 
two  hours,  and  often  less.  Since  the  date  last  mentioned, 
up  to  the  period  at  which  we  are  now  writing  (10th  of 
October),  these  carriages  have,  we  are  informed,  conti- 
nued to  run  regularly,  bringing  in  about  £2S0  per  diem 
for  passengers  only,  which  would  alone  amount  to  the 
enormous  sum  of  £91,250  per  annum. 


At  page  621,  an  allusion  was  made  to  another  mode  of 
propelling  carriages,  by  horses  carried  therein,  and  we  here 
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proceed  to  describe  it.  It  was  the  patented  invention  of 
Mr.  W.  F.  Snowden,  of  Oxford-street,  Loudon,  and  isde- 
scribed  ia  the  Regbter  of  Arts  for  January  14, 1826,  from 
whence  we  make  the  following  extracts. 

'*  The  invention  delineated  in  the  annexed  engravings 
will,  we  doubt  not,  excite  the  attention  of  our  readers; 
and,  exIraordiBary  as  it  may  appear  at  first  sight,  it.is  by 
uo  means  undeserving  of  their  attentive  consideration. 


R 
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dnowden's  Locomotive  Machine- 


fiSi  SNOWDRN^S  PATENT 

^^  The  idea  of  employing  horses  to  impel  a  carriage,  by 
traTelling  and  exerting  their  strength  within  it,  seems  to 
be  new,  and  whatever  merit  may  belong  to  it,  is  exclusively 
due  to  Mr.  William  F.  Snowden,  of  Oxford-street,  who  has 
taken  out  a  patent  for  the  invention.  The  reason  assigned 
by  that  mechanist  for  employing  horses  in  this  peculiar 
manner  is,  that  they  cannot  exert  their  mvtural  strength 
in  any  other  way  at  present  known,  that  is,  so  as  to  be 
able  to  draw  or  propel  a  heavy  weight  with  an  equal  de- 
gree  qf  speed.  His  argument  we  will  state,  after  having 
described  the  wheel-way  upon  which  the  carriages  are 
proposed  to  traveL 

^^  At  b  6,  is  shewn  a  vertical  cross  section  of  the  road,  in 
which  an  excavation  is  made,  and  the  ground  well  rammed, 
so  as  to  lay  down,  at  stated  regular  distances,  a  series  of  cast- 
iron  frame  pieces  or  sleepers,  cc,  (represented  in  the  figure 
quite  black).  In  the  several  partitions  of  these  iron  sleepers 
are  placed,  lengthwise  of  the  road,  four  lines  of  timber, 
end  to  end,  uniformly  breaking  the  joints,  as  it  is  termed; 
or  so  that  the  joints  in  any  one  line  shall  not  be  opposite 
to  those  of  another.  The  two  principal  rails,  those  shewn  at 
d  d,  are  of  oak,  and  of  a  sufficient  depth  to  stand  about 
three  inches  above  the  level  of  the  other  parts,  when  bed- 
ded in  the  iron  sleepers.  The  other  two  lines  of  timbei 
e  e,  are  three-inch  deal  planks,  set  up  edgewise^  and  bolted 
to  the  iron  framing.  Resting  upon  these  deal  planks  and 
the  iron  partitions,  and  flush  with  the  oak  timber,  are  laid, 
crosswise  of  the  road,  short  pieces  of  three-inch  oak  plank, 
leaving  an  open  space  or  crevice,  about  one  inch  and  a  half 
wide  between  them.  These  short  planks  are  laid  edge  to 
edge,  uniformly  along  the  whole  line,  forming  with  the 
oak  timbers  a  regular  level  floor,  upon  very  solid  bearings ; 
and  over  this  floor  is  screwed  down  a  complete  covering  of 
wrought-iron  plates  a  a,  as  they  come  prepared  from  the 
rolling  mill.  Thus  is  made  a  hard,  smooth,  and  firm  aur- 
fece  for  the  wheels  of  the  carriage  to  roll  up  >n 

^^  Inside  of  the  trunk  or  hollow  space,  formed  by  the 
wheel-way  described,  a  small  machine,  called,  by  th  pa* 
tentee,  his  mechanical  horsCy  is  caused  to  travel  by  the 
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motitre  force  applied  above;  it  consists. of  an  iron  frame 
work,  to  which  are  attached  certain  horizontal  toothed 
wheels,  revolving  upon  vertical  axles,  one  of  which  (as 
occasion  may  require,)  is  put  into  gear  with  a  straight 
horisEontal  rack,  fixed  on  either  side  to  the  deal  planks 
€  €,  and  extending  their  whole  length.  These  horizontal 
toothed  wheels  being  actuated  by  a  steam  engine,  or  any 
other  first  mover,  will  necessarily  cause  ^^  the  mechanical 
horse,*'  to  move  forward  in  the  trunk)  over  a  space  equal  in 
length  to  the  circumference  of  the  wheel  at  each  revolu* 
tion;  and  consequently  whatever  is  connected  thereto 
above  the  wheel-way,  must  go  along  with  it.  The  con- 
nexion is  effected  by  standards  fixed  in  the  mechanical 
horse,  which  pass  through  the  opening  in  the  wheel-way, 
and  are  attached  to  the  middle  of  the  carriage ;  the  weight 
of  the  carriage  is  not  however  supported  by  the  standards, 
but  rests  entirely  upon  the  ordinary  wheels,  which  thus 
relieves  the  toothed  wheels  and  rack  of  an  immense  quan- 
tity of  friction,  and  allows  them  to  act  freely  and  unini« 
peded  by  the  weight  above. 

Only  two  toothed  wheels  are  shewn  in  the  hollow  trunk 
of  the  wheel-way,  there  is  however  another^  which  cannot 
be  seen  in  this  view,  which,  when  put  into  gear  with  the 
opposite  rack,  reverses  the  rotary  motion,  and  causes  the 
carriage  to  proceed  in  the  same  direction  ;  the  manner  in 
which  this  is  effected  by  gearing  of  the  kind,  is  too  gene- 
rally understood  to  need  further  description.  The  lowest 
wheel  of  the  three  is  made  light,  and  without  teeth,  being 
employed  as  an  anti-friction  roller,  and  to  keep  the  toothed 
wheel  uniformly  in  the  pitch  line  of  the  rack ;  it  therefore 
occupies  the  whole  space  between  the  two  three-inch  deals. 

In  ascending  or  descending  a  hill,  the  floor  of  the  car- 
riage is  preserved  in  its  horizontal  position,  that  the  horses 
may  not  be  impeded  in  their  work,  by  being  placed  on  an 
inclined  plane ;  for  this  purpose  there  are  two  elevating 
screws  8  Sy  which  are  so  contrived  with  joints,  that  an  at- 
tendant, operating  upon  one  of  them,  raises  one  end, 
and  depresses  the  other,  as  the  whole  body  of  the  carriage 
is  made  to  turn  on  the  horizontal  shaft  t  and  v,  resting  upon 
27.  4  m 
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strong  bearings,  and  the  whole  is  braced  together  by  a  svi* 
table  frame  work. 

If  a  steam  engine  were  to  be  employed  as  the  motive 
force  instead  of  horses,  all  that  would  be  requisite  would 
be  to  attach  to  the  vertical  shaft,  which  carries  the  hori- 
zontal toothed  wheel  (shewn  in  gear  in  the  trunk,)  a  spur 
wheel  and  pinion,  and  to  connect  the  crank  of  the  engine 
thereto*  Now,  if  the  steam  engine  thus  employed,  be  of 
the  power  of  two  horses,  it  will  have  to  be  carried  along 
with  the  coach,  and  its  weight  will  be  added  thereto.  Then 
it  is  argued,  if  it  be  desirable  to  carry  the  steam  engine, 
why  not  carry  the  same  power,  in  the  form  of  horses,  which 
would  be  less  weight  than  all  the  apparatus  of  the  former ; 
and  passengers  generally,  it  is  presumed,  would  give  the 
preference  to  the  company  of  horses,  as  travelling  com* 
panions,  to  that  of  a  steam  engine  boiler.  It  is  true,  that, 
as  the  horses  have  to  move  in  a  circle,  a  clear  space  of 
about  sixteen  feet  wide  would  be  required  for  such  a  car- 
riage to  travel  in,  but  as  the  road  would  be  adapted  to  the 
carriage,  that  diificulty  is  considered  to  be  obviated. 

The  patentee  calculates  the  power  of  an  average  horse, 
in  drawing  a  load  at  the  rate  of  two  and  a  half  miles  per 
hour,  for  four  hours  a  day,  as  equal  to  a  force  of  about 
two  hundred  and  fifty  pounds,  when  drawing  in  a  straight 
line ;  if  the  speed  of  the  horse  be  doubled,  that  is,  fire 
miles  per  hour,  the  force  he  can  apply  is  not  more  than 
fifty  pounds ;  and  if  it  be  increased  to  ten  miles  per  hour, 
*he  horse  can  do  no  work  whatever,  except  during  a  very 
short  space  of  time ;  two  miles  and  a  half  per  hour  is  there- 
fore considered  the  most  advantageous  pace  for  a  horse  to 
exert  his  strength,  in  drawing  a  burthen.  As,  however, 
the  contracted  circle  of  a  mill-walk  is  unfavourable  for 
the  full  exertion  of  a  horse's  powers,  Mr.  Snowden  sup- 
poses the  useful  efieet  to  be  about  two  hundred  pounds. 
Having  got  this  available  force,  he  then  proposes  to  sa- 
crifice three-fourths  of  it,  in  order  to  gain  an  equivalent  in 
speed ;  or,  in  other  words,  ten  miles  an  hour,  in  which  tlie 
force  applied  would  be  but  fifty  pound&i  each  horse.  This 
will  be  readily  understood,  on  reference  to  the  lower 
figure  in  the  engraving ;  g  jf,  are  two  yokes,  (to  which  the 
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horses  are  attached,)  of  a  horizontal  lever,  fixed  to  the 
main  shaft  A^  on  which  is  also  fixed  (close  to  the  floor,  of  the 
carriage),  the  large  horizontal  toothed  wheel  r,  of  twelve 
feet  in  diameter ;  the  i^ev  dution  of  the  large  wheel  vgives 
motion  to  the  small  pinion j,  one  foot  in  diameter;  which 
pinion  being  on  the  same  spindle,  as  the  toothed  wheel, 
three  feet  in  diameter,  of  the  ^'  mechanical  horise"  (shewn 
in  gear  with  the  rack),  causes  it  necessarily  to  revolve  with 
a  speed  quadruple  that  of  the  horses  ;  or  to  pass  over  a 
space  four  times  greater  in  the  same  time  ;  or  at  the  rate 
of  ten  miles  per  hour.  It  now  remains  to  be  seen  what 
load  can  be  moved  at  the  rate  of  ten  miles  an  hour,  by  the 
united  force  of  two  horses  applied  as  before  mentioned, 
t.  e.  one  hundred  pounds.  It  is  presumed  that  this  will 
amount  to  six  or  seven  tons,^  upon  a  level  raiUway ;  and 
upon  reference  to  Mr.  Tredgold's  work  on  railroads,  we 
find  this  to  agree  very  nearly  with  Mr.  Snowden's  state- 
ment of  the  effects  produced  by  this  power.  The  weight 
of  the  horses  is  therefore  of  trifling  consideration,  if  the 
advantages  attending  this  mode  of  applying  their  strength 
be  so  great* 


Having  now  extended  our  description  of  the  various 
kinds  of  locomotive  carriages,  and  railways,  as  far  as  the 
limits  of  this  work  will  permit,  we  proceed  to  notice, 
briefly,  some  improvements  that  have  been  proposed  in 
that  very  important  part  of  a  rail-way  carriage,  the  axles. 

The  first  is  an  invention  of  Mr.  Robert  Stephenson,  of 
Newcastle  upon  Tyne,  which  is  intended  to  obviate  the 
extra  friction  produced  by  the  wheels  of  carriages,  when 
they  are  proceeding  alon^i;  curved  portions  of  the  rails. 
Instead  of  two  wheels,  fixed  as  usual  to  the  extremities  of 
one  axletree,  Mr.* Stephenson's  plan  h  to  have  a  separate 
axletree  to  each  wheel,  so  that  they  may  revolve  indepen- 
dently, and  at  diiferent  Velocities,  as  circumstances  may 
require.  The  outer  wheels  of  a  four-wheeled  carriage,  (or 
those  which  are  on  the  longest  of  two  curved  parallel 
lines,)  will  therefore  be  sC  liberty  to  run  faster  than  those 
on  the  inner  side^  (or  on  the  shortest  line,)  thereby  pre* 
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Yenting  that  sliding  motion,  and  its  destructive  effects, 
when  passing  round  curves,  which,  on  extensive  lines  of 
road,  are  generally  found  unavoidable* 

Mr.  Stephenson's  improvements  in  axles  likewise  em* 
brace  another  object  of  more  momentous  importance,  that 
of  providing  a  remedy  for  the  unequal  strain  to  which  a  car- 
riage is  subjected,  in  passing  over  those  parts  of  a  rail-way 
that  lie  hollow,  or  below  the  level  of  the  contiguous  parts, 
owing  to  the  sleepers,  or  other  supports,  having  sunk  or 
given  way,  which  causes  the  carriage  and  its  load  some- 
times to  rest  upon  three  wheels  instead  of  four,  producing 
undue  strains  or  fractures ;  and  at  other  times  causing  the 
carriage  to  pass  off  the  rails.  To  provide  against  these 
circumstances,  the  axletree  of  each  wheel  turns  in  a  fixed 
bearing,  which  is  bolted  to  the  frame  of  the  carriage ;  this 
bearing,  instead  of  having  a  circular  aperture  for  the  axle 
to  turn  in,  has  a  long  vertical  slot,  in  which  the  axle  can 
rise  up  and  down,  as  may  suit  the  undulations  or  imper* 
fections  of  the  line  of  rail.  This,  however,  could  not 
take  place,  unless  the  opposite  extremity  of  the  axletree 
moved  upon  a  universal  joint,  which  Mr.  Stephenson  has 
adopted,  giving  the  preference  to  the  ball  and  socket  for 
that  purpose,  on  account  of  its  strength  and  simplicity. 

Patent  Axletrees  and  Bearings,  by  Mr.  Robert  Stephenaom 

of  NewcastU'upon-Tyne.  1825. 

Fig.  1,  exhibits  a  plan  of  a  carriage-frame,  with  its 
wheels  and  axletrees;  and  fig.  2,  a  side-elevation  or  sec- 
tion, as  seen  from  the  interior  of  the  frame.  Similar  let- 
ters of  reference  in  each  figure  indicate  corresponding 
parts,  a  a,  shows  the  frame  of  the  carriage ;  6  €,  6  c,  the 
four  tapered  axletrees,  having,  at  the  small  end  of  each,  a 
globular  knob,  revolving  in  a  hollow  spherical  socket,  as 
seen  viieeee.  In  fig.  2,  the  bearings//,  are  shown  bolted 
to  the  carriage-frame  a ;  at  g^,  the  axletree  is  seen  in  the 
upper  part  of  the  bearing,  and  at  A,  the  axletree  is  shown 
to  have  fallen  down  the  slot,  allowing  the  wheel  to  ac^ 
i^ommodate  itself  to  the  sunken  part  of  the  rail  i\ 
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In  this  last  contrivance^  the  wheel  alone  is  supporte<i, 
and  the  carriage  has  still  to  sustain  the  udequal  pressure, 
owing  to  its  resting  upon  three  wheels.  The  chief  advan- 
tage that  results  from  it  is,  in  keeping  the  wheel  always 
on  the  rail ;  because,  if  the  hollow  was  so  great  as  to  allow 
the  ilanch  to  rise  above  the  surface  of  the  rail,  the  car- 
riage might,  in  its  progress,  be  thrown  over,  producing 
very  serious  consequences. 

An  accident  of  this  kind  recently  occurred  to  the  new 
locomotive  carriage  of  Messrs.  Braithwaite  and  Ericsson, 
<<The  William  the  Fourth,"  on  the  Manchester  and  Li- 
verpool Rail-way,  by  which  it  was  very  nearly  thrown 
down  a  deep  precipice;  proving  the  necessity  of  some  con- 
trivance to  effect  the  object  aimed  at  by  Mr.  Stephenson's 
arrangement. 

Another  arrangement  of  parts  for  a  rail-way  waggon 
was  recently  patented  in  America,  (by  Mr.  W.  Howard, 
of  Baltimore,)  having  for  its  objects  the  obviating  the  in- 
creased friction  arising  from  passing  round  the  curves  of 
a  rail-way,  and  the  reduction  of  the  friction  at  the'  axles. 
The  following  extract  from  the  patentee's  specification, 
explains  the  construction  of  his  carriage. 


I 
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^'  The  size  of  the  wheels,  their  distance  apart,  and  the 
distance  between  the  axles,  are  in  the  common  proportions 
used  in  racl-way  carriages.  The  connecting  beam  between 
#  the  fore  and  hind  axles,  is  fastened  firmly  thereto  by  jaws 
or  frames,  to  prevent  lateral  motion.  This  beam  is  divided 
in  the  centre,  between  the  axles,  one  end  having  a  tooth, 
and  the  Other  a  socket,  cut  of  the  epicycloid  form,  to  keep 
the  po|int  of  action  at  an  equal  distance  from  the  centres 
of  each  axle.  The  axles  are  kept  together  by  fastening 
the  body  by  bolts  to  the  beds  resting  upon  each.  Another 
method  of  construction  b,  to  extend  the  beam  from  the 
hind  axle,  until  the  end  of  it  rests  upon  the  bed  of  the 
fore  axle,  while  the  beam  from  the  fore  axle  reaches  to  a 
short  distance  only  behind  the  central  point  of  action.  A 
bolt  then  passed  through  the  centre  of  the  hind  frame, 
and  the  end  of  the  ibre  frame,  and  equi'distant  from  the 
axles,  forms  the  pivot  or  point  of  action  between  them. 
In  this  case,  the  waggon  is  fastened  firmly  to  the  hind  bed 
only,  and  to  the  extremity  of  the  hind  beam,  which  rests 
on  the  fore  bed,  which  is  made  to  traverse,  laterally,  more 
easily  by  a. small  roller  upon  a  curved  strip  of  iron. 

^^The  friction- wheels  are  contained  between  upright 
stands  or  supports,  of  cast  or  wrought  iron;  each  wheel 
having  one  on  each  side,  connected  at  the  tpp  by  a  bolt 
and  nuts,  and  having  jaws  at  the  bottom,  wide  enough  to 
admit  the  axle  in  contact  with  the  friction- wheel;  each 
pair  of  friction-wheels  is  connected  by  iron  bars  passing 
through  each  arm  of  the  jaws  of  the  supports,  and  secured 
by  nuts:  between  these  bars  the  axle  revolves,  and  the 
bars,  rising  above  the  axle,  receive  the  beam,  and  form 
the  fore  and  hind  bends,  to  which  the  frames  of  the  beam 
are  securely  nutted.  To  obviate  the  little  friction  which 
may  arise  from  the  centre  of  the  friction- wheel  being 
directly  above  the  centre  of  the  axle,  it  may  be  placed  a 
little  obliquely,  and  a  small  friction-roller  used  in  one  of 
the  arms  of  the  jaws,  to  destroy  the  additional  friction 
there.  »  .    . 

^^The  axles  have  two  shoulders  at  each  end,  one  of 
which  ^pports  the  jwaggon  wheel,  and  is  either  firmly 


HOWARD  S   R.AII.'WAT  CAB 


6S9 


fixed  to  it,  or  only  secured  by  a  liocb-pin,  and  the  other 
revolves  upon  the  friction-wheel. 

'*  These  principles  are  not  neir,  but  the  combination  of 
them  into  a  railway  carriage  is  new,  and  entitles,  the  in- 
ventor believes,  that  his  invention  be  secured  by  patent. 
The  peculiar  application  of  frictioD-wbeels  is  also  new, 
and  claimed  as  original." 

Fig.  1,  represents  a  pempectJve  view  of  the  whole  car< 
riage,  with  its  friction-wheels  attached. 
(FIG.  1.) 


Vig.  2,  represents  the  plan  of  the  waggon,  sliowinjf  par- 
ticularly the  manner  in  which  the  beds  of  the  two  axl'^ 
•re  connected. 

(FtO.  S.) 
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a  is  the  iron  waggon  wheel,  made  as  usual,  except  that 
it  is  arranged  so  as  to  turn  on  the  axle,  to  which  it  is  se- 
cured by  the  linch-pin  6,  or  any  other  contrivance,  c  is  a 
wheel  fixed  upon  the  axle,  as  in  the  common  raiUroad 
carriage,  dd,  the  friction- wheels,  moving  upon  the  axles 
e  By  and  supported  by  the  supports  ff.  The  whole  of 
these  parts  are  of  wrought  or  cast  iron,  and  the  frames 
are  secured  together  by  screws  and  nuts,  so  as  (o  keep 
them  solid,  and  as  shown  in  the  figure  g^  one  of  the  bars 
connecting  the  two  frames  together,  and  secured  in  like 
manner,  h  and  t,  are  the  two  frames  by  which  the  two 
Deds  are  connected  by  a  bolt,  at  the  point  Ar,  equi-distant 
from  the  centre  of  each  axletree,  the  frame  t  of  the  hind 
bed  is  prolonged,  and  rests  on  part  of  the  frame  A,  imme- 
diately over  the  fore  axle,  the  motion  of  its  end,  laterally, 
being  facilitated  by  a  small  roller  at  /. 

Fig.  3,  represents  the  shape  of  the  frames yV,  perm  ting 
the  axle  to  rest  on  the  periphery  of  the  friction-wheels* 
In  the  arrangement  here  drawn,  it  is  pro- 
posed to  fix,  firmly,  the  body  of  the  wag-         (FIG.  3.) 
gon  on  the  hind  bed  and  frame  /,  to  move 
with  it.    Another  method  is,  to  attach 
each  bed  to  the  body  by  a  bolt  at  m  and 
n,  «*ound  which  the  beds  must  be  made  to 
traverse.  The  frames  are  then  to  be  con- 
nected at  0,  one  having  a  tooth  and  the 
other  a  socket.    These  are  to  be  cut  of  the  epicycloid 
form,  which  will  keep  the  point  of  action  at  an  equal  dis* 
tan.je  from  each  of  the  centres  m  and  n. 

It  it  be  found  objectiocable  to  place  the  body  of  the 
waggon  entirely  above  the  wheels,  the  two  friction-wheels 
on  one  bed  may  be  placed  on  a  common  axle.  This  ar- 
rangement will  simplify  the  number  of  parts^  and  contri* 
bute  to  the  steadiness  of  the  motion* 
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Under  this  title  is  comprehended  a  description  of  a  va- 
riety of  engines,  in  which  the  pressure  of  water,  and  the 
elastic  force  of  the  vapours,  as  well  as  the  gases,  of  various 
bodies,  are  employed  as  motive  power,  in  lieu  of  steam. 

It  is  well  known  that  the  expansive  force  of  fluids, 
generally,  is  augmented  by  an  increase  of  temperature,  and 
that  most  of  them  are  so  affected  in  a  greater  ratio  than 
water,  by  a  similar  accession  of  heat.  This  fact  has  led 
many  ingenious  men  to  devise  machines  for  the  application 
of  their  forces;  and  although  but  little  success  has  hitherto 
crowned  their  labours,  (with  the  exception  of  water  en- 
gines,) there  are  fair  grounds  for  hope  that  eventually  a 
useful  power,  in  peculiar  situations,  may  be  derived  from 
some  of  them.  In  the  first  part  of  this  work  the  gas-vacuunt 
engine  of  Brown,  and  the  carbonic-acid -gas  engine  of 
Brunei  have  been  described ;  those  which  follow  are  equally 
deserving  of  notice,  and  will  at  least  furnish  useful  infor- 
mation to  those  who  are  studying  the  subject,  or  are  prac- 
tically engaged  in  endeavouring  to  accomplish  the  same 
object. 

Statical  Hydraulic  Engine,  erected  by  Mr.  Manwaring,  at 
Messrs.  Cook  and  Co.'s  Alum  Wbrks,  near  Whitby. 

The  mechanism  of  this  engine  is,  in  its  principal  features, 
similar  to  the  steam  engine.  Instead  of  the  elastic  pres- 
sure of  the  vapour  of  water,  the  water  itself  is  made  to 
operate,  alternately,  upon  both  sides  of  a  piston  in  a  cylin- 
der, with  a  force  according  to  the  height  from  which  the 
water  descends.  The  annexed  account  of  the  hydraulic 
engine  at  Messrs.  Cook  and  Co.'s  alum  works,  wag  drawn 
up  by  the  engineer  who  erected  it,  for  publication  in  the 
Transactions  of  the  Society  of  Arts. 

28.  4  ir 
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The  above  figure  ia  a  representition  of  the  engine ; 
A  is  the  pipe  by  which  the  supply  of  water  ib  broug;ht  from 
a  bead,  170  feet  above  the  engine ;  B  b  a  Teasel  contain- 
tog  air,  the  eontinnal  elastic  pressure  of  which  prevents 
the  blow  that  wonid  otherwise  be  occanoned  by  the 
descent  of  the  water ;  c  is  a  throttle  valve;'((rf  is  a  hollow 
open  (iylinder,  wbifcinfr  withih'an  exterior  ohe^  and  closely 
applied  to  that  cylinder  at  the  parts  e  e,  e  «,  but  elBevhsra 
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leaving  a  vacant  apace  between  the  two  cylinders  for  the 
reception  of  the  water ;  h  h  are  packing;^  in  order  to  pre- 
vent the  escape  of  the  water,  bet  ween  the  two  cylinders; 
and  t  i  are  adjusting  screws,  to  tighten  the  packing,  in  pro- 
portion as  it  18  worn  away ;  ffsLte  two  passages  that  lead 
into  the  upper  and  lower  ends  of  the  pipe  g^  in  which  the 
piston  Wy  works. 

When  the  cylinder  ddj  isin  the  position  represented  in 
the  plate,  the  communication  is  open,  by  means  of  the 
upper  pipe  /,  for  the  water  to  flow  into  the  pipe  g,  above 
thp  piston  w;  at  the  same  time  the  passage  is  open  for  the 
water  in  the  cylinder,  gj  below  the  piston,  to  flow  ou^t 
tlirpugh  the  lower  pipe/,  and  through  the  lower  part  of 
the  open  cylinder  d,  into  the  pipe  «,  which  is  somewhat 
IQore  than  dO  feet  long,  and  terminates  in  a  cistern  of 
water*  There  .is,  therefore,  above  the  cistern  u?,  a  hydros^ 
tatic  pressure,  equal  to  170  feet  of  water,  and  below  it  n 
partial  vacuum ;  the  piston  consequently  descends  to  the 
bottom  of  the  pipe  g.  By  the  time  that  it  has  arrived  in 
this  position,  the  cylinder  dy  will  also  have  descended  so 
far,  as  to  have  opened  the  communication  between  the  en- 
tering water,  and  the  lower  pipe/,  and  to  have  shut  ofi^itt 
communication  with  the  upper  pipe  /;  the  hydrostatic 
pressure  is  therefore,  transferred  to  the  under. pi^rt  of  th^ 
piston,  which  consequently  rises,  while  the  water  abov^ 
the  piston  pours  into  the  top  of  the  cylinder  d^  and 
escapes  thrpugl^  tl|e  pipe  x. 

The  alterni^^^  motion  of  the  sli.^je  or  cylinder  d,.  is.  thus 
effected.  The  f pd  of  the  piston  ^,  is  |t(tached  at  its  top 
to  one  end  of  the  beam ;  at  the  othe|:  end  of  the  beam  is  a 
rod,  terminating  below  in  the  craqk  ifi  ;.^be  oscil|ating  mo- 
tion of  this  crank  is  transferred,  by  mea^s  of  the  connect- 
ing bar  /,  to  the  axis  i,  on  which  ip  placed  the  curved 
tooth,  or  cam  n ;  the  latter  is  inclosi^d  within  the  rectan* 
gular  frame  (or  cam  box)  j^  and  beipg  moveable  in  a  hori'* 
xontal  position,  is  consequently  made  to  perform  a  back- 
ward and  forward  motion,  by  the  cam  pressing  first  on 
one,  and  then  on  the  other  side  of  the  box.  To  the  out* 
side  of  the  box  are  fixed  two  guide  bars,  supported  on  the 
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bearings  oo,  the  connecting^  rod  jp,  at  one  end  to  the 
l^uide  bar,  and  at  the  other  end  to  the  arm  g,  of  a  bent 
lever,  having*  for  its  fulcrum  the  pivot  r ;  the  other  end  of 
the  l0ver  is  forked,  and  embraces  the  pipe  x ;  one  of  these 
forks  8^  is  connected  with  a  similar  rod ;  these  rods  are 
fastened  at  top  to  the  two  ends  of  a  cross  bar,  to  the  mid- 
dle of  which  is  fixed  the  rod  Uj  which  works  in  the  stuffing 
box  t;,  and  gives  motion  to  the  slide  d. 

The  slide  remains  stationary  nearly  half  a  stroke  of  the 
piston,  in  order  to  allow  the  water  to  act  with  its  full  force, 
and  this  is  effected  by  its  being  necessary  for  the  cam,  after 
it  has  moved  the  box  in  one  direction,  to  perform  about  a 
quarter  of  a  revolution,  before  it  can  act  on  the  opposite 
side  of  the  box.  The  reason  for  making  the  passages//, 
as  large  as  represented,  is  to  diminish,  as  much  as  possible, 
the  friction  of  the  water,  which  otherwise  would  retard  the 
motion  of  the  piston. 

Patent  Vapour  Engine^  by  Mr.  Thomas  Howard^  of  New 

Broad  Street ^  London.    1826. 

The  intention  of  the  inventor  of  this  engine,  was  the 
employment  of  alcoliol  or  ether,  as  a  motive  power,  on  the 
ground  of  their  exerting  a  much  greater  expansive  force 
than  steam,  at  similar  temperatures.  As  the  expense  of 
alcohol  and  ether  is  too  great  to  allow  of  any  considera* 
ble  waste  of  the  kind,  one  of  the  principal  difficulties  at- 
tending the  construction  of  an  engine  of  the  kind,  has  been 
to  prevent  the  escape  of  the  vapour.  In  this  machine  the 
vapour  is  generated  in  the  cylinder  itself;  therefore,  no 
distinct  boiler  being  employed,  the  apparatus  is  very  com- 
pact and  light.  The  following  description  we  gather  from 
the  specification  of  the  invention. 

'^  I  erect  two  metal  cylinders,  (ai,  figure  No.  1 ),  made  firm 
andsecure  by  any  of  the  ordinary  methods.  These  cylinders 
communicate  with  each  other,  at  the  lower  part,  by  a  hori- 
zontal tube,  or  smaller  cylinder,  or  otherwise,  so  as  to  form 
a  free  passage  at  c,  from  one  to  the  other.  Then  such  a 
quantity  of  fixed  oil,  mercury,  or  other  Huid,  or  substance 
becoming  fluid,  but  not   evaporating  at  the   degree   of 
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heRt  to  which  it  will  be  there  exposed,  is  introduced  into 
these  cylinders,  as  will  fill  the  base  of  the  one,  the  interme- 
diate passage,  and  nearly  the  whole  of  the  other  cylinder, 
to  serve  as  a  medium  of  beat  necessary  for  generating  the 
Tapour  for  working  the  engine.     Within  one  cylinder  6, 
is  placed  a  piston,  exposed  above  to  the  pressure  of  the 
atmosphere,  and  having  a  rod  and  stuffing  in  the  usual 
manner.     In  the  other  cylinder  a,  is  placed  a  thin  metallic 
dish  df  floating  freely  upon  the  oil,  or  .othpr  fluid  before- 
mentioned.  This  latter  cylinder  has  a  top  fastened  down, 
quite  air-tight,  through  the  centre  of  which  top  is  brought 
a  tube  6,  proceeding  from  the  condenser  (hereinafter  des- 
cribed), the  lower  end  of  which  tube  within  the  cylinder 
terminates  in  a  nosle  pierced  with  many  small  holes.  This 
tube  is  passed  through  a  piece  of  cork,  wood,  or  other  im- 
perfect conductor  of  heat,  fixed  into  the  top  of  the  cylin- 
der with  a  ring  sfcrewed  down  above  it,  in  which  the  tube 
is  made  secure  by  a  small  screw  fy  in  order  that  all  these 
parts  may  be  air-tight.     In  the  top  of  the  cylinder  a,  is  an 
oblong  orifice,  closed  by  a    valve  g^  of  the  like  form, 
which  opens  inwards  by  a  rod  A,  striking  the  valve  near 
one  end,  with  the  advantage  of  a  lever  (as  a  door),  at 
which  end  is  a  small  hollow,  for  the  purpose  of  receiving 
the  rod;  at  the  other  end,  the  valve  is  confined  to  its  seat 
by  a  crane-neck  spring,  bending  over  above  it,  (as  in  the 
figure  INo.  1.  near  g)  ;  the  rod  is  entirely  detached  from 
the  valve,  so  that  the  rod  has  the  power  only  to  open  the 
valve.     The  advantage  of  which  is,  that  any  accidental 
irregularity  in  the  motion  of  the  rod  will  not  derange  the 
valve  itself.     The  valve  rod  passes  through  an  air-tight 
stuffing  box  i,  in  the  usual  manner.     A  safety  valve  it,  is 
placed  on  the  top  of  the  cylinder  a.      There  is  an  orifice, 
Ij  through  the  piston,  into  which  is  fitted  a  plug  or  stop- 
per m,  by  means  of  which  the  height  of  the  oil,  or  other 
fluid    hereinbefore  described,  above   the  piston   (which 
should  always  be  kept  a  little  above  the  piston),  maybe 
regulated  when  necessary.     The  oil,  or  other  fluid,  may 
at  any  time,  when  required,  be  withdrawn  from  the  cylin- 
ders by  a  cock,  n,  near  the  bottom,  and  may  be  again  in- 
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trodueed  by  the  top  of  the  piston  cylinder;  through  the 
orifice  /,  in  the  piston.     The  degree  of  heat  necessary  for 
the  purpose  of  working  my  vapour  engine,  is  obtained  by 
means  of  asuflScient  number  of  lamps, o,  OyOjO^  on  the  prin<* 
cipie  of  the  argand  lamp,  and  on  a  larger  scale  when 
r'bquired.     Thede  lamps  are  supplied  with  oil,  or  other 
inflammable  liquid,  or  gas,  and  pUced  below  the  cylinders, 
and  the  chimneys  of  which  lamps  are  passed  into,  and 
through  a  thin  metallic  or  other  covering,  which  covering 
is  carried  round  both  the  cylinders,  (except  the  upper  part 
of  the  piston  cylinder),  at  a  small  distance  from  the  cylin* 
ders,  so  as  to  confine  and  carry  the  heated  air  entirely 
round  them.      The  lamp  chimneys  should  be  made  of 
metal,  with  a  hole  therein,  covered  with  talc,  through 
which  the  flame  may  be  seen  for  the  purpose  of  regulation. 
There  is  a  tube  or  chimney,  p,  at  the  top  of  the  last^me'n- 
tioned  covering-,  which  tube  may  be  more  or  less  closed 
by  a  top  or  register,  9,  the  better  to  regulate  the  heat  of 
the  air  within  the  covering.    By  means  of  a  small  forcing 
pump,  r,  which  is  set  in  motion,  and  the  length  of  its 
stroke  regulated  by  any  of  the  ordinary  methods  in  use  i« 
the  steam  engine,  the  tube  6,  which  enters  the  top  of  tbfe 
vapour  cylinder,  is  supplied  from  the  cdnddnser  with'th^ 
liquid,  which  is  afterwards  to  be  converted  into'  vapour^ 
within  the  cylinder  a.    The  liquid  to  be  employed  may  b^ 
either  ether,  alcohol,  essential  oily  or  'other  liquid,  Which 
evaporates  more  rapidly,  and  at  a  lower  temperature  tlian 
water.    I  do  not  ho.wever  confine  myself  to  any'particular 
liquid  or  liquids,  for  even  water  may  be  used,  if  the  heat 
be  sufliciently  raised.     The  degree  of:  heat  to  which  it  is 
proper  to  raise  ihb  oil,  or  other  4uid  medium  within  the 
cylinders,  must  be  varied  aceordihg  to  the  nature  of  the 
liquid  to  be  evaporated,  aind  to  the  extent  of  po#er  re- 
quired.    In  order  readily  to  ascertain,  and  be  enabled  to- 
regulate  correctly,  the  degree  of  heat  within  the  cylihder, 
a  thermometer  is  attached  to  any  convenient  part,  with 
its  bulb  passed  through  the  cylinder  into  the  oil  or  other 
fluid  medium.     From  the  tiosle  of  the  tube  e  above  de« 
icribed,  a  sufficient  quantity  of  the  liq  uid  before  mentioned 
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is  thrown  by  the  action  of  the  forcing  pump  r,  not 
dually,  but  quickly,  and  at  once  upon  the  dish  D,  which 
being  previously  heated  by  the  oil,  (or  other  fluid  medium) 
on  which  it  floats,  quickly  converts  the  liquid  thrown  on 
it  into  vapour,  which  vapour  receives  an  increase  of  ex- 
pansive power,  by  the  heat  of  the  cylinder  ;  and  pressing 
upon  the  oil  (or  other  fluid  medium)  and  dish  floating 
thereon,  forces  the  oil  through  the  horizontal  passage  0, 
into  the  piston  cylinder,  and  raises  the  piston  to  its  highest 
point  of  elevation.     The  valve  G  in  the  vapour  cylinder, 
being  now  opened,  the  vapour  escapes  by  a  tube  S  into 
a  separate  vessel  (as  in  the  steam  engine  of  Watt)  and  is 
there  condensed  ;  the  piston  then  returns  by  the  pressure 
of  the  atmosphere,  and  the  dish  is  carried  again  to.  the  top 
of  the  vapour  cylinder.     The  valve  G  is  now  closed,  and 
a  fresh  portion  of  liquid  is  thrown  by  the  forcing  pump 
upon  the  dish,  to  be  convened  into  vapour,  and  the  ope- 
ration is  repeated  as  before.   The  dish  D  is  not  absolutely 
necessary,  as  the  liquid  may  be  thrown  upon  the  oil  (or  other 
fluid  medium);  but  I  prefer  a  dish,  which  should  be  made  of 
copper,  with  a  flat  bottom,  the  internal  surface  of  which 
should  not  be  polished.  A  sliding  valve  T,  is  placed  across 
the  horizontal  tube  or  passage  between  the  two  cylinders, 
so  as  occasionally,  either  entirely  or  partially,  to  close 
the  passage  from  one  cylinder  to  the  other,  by  means  of 
which  the  motion  of  the  engine  may  be  easily  regulated 
or  stopped.  In  the  top  of  the  cylinder  A,  is  fixed  a  tube  S, 
by  which  the  vapour  is  conveyed  from  the  cylinder  to  be 
condensed;  and  the  tube  should  be  divided,  and  a  ring  of 
cork,  wood,  or  other  imperfect  conductor  of  heat  a,  should 
be  placed  between  the  two  parts,  which  should  then  be 
screwed  up  together  air-tight.    By  means  of  this  arrange- 
ment, the  transmission  of  the  heat  from  the  cylinder  to  the 
condenser  is  interrupted.   The  other  end  of  the  tube  is  in- 
serted into,  or  communicates  with,  a  circular  tube  or  hol- 
low ring,  VV,  into  which  anumber  of  smaller  tubes^  marked 
severally  U,  made  of  copper  or  other  metal,  as  thin  as  the 
required  stiength  will  permit,  are  fixed  and  arranged  in 
a  circle.    These  smaller  tubes  are  also  inserted  into  ano- 
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ther  vessel  below  W,.  yfhica  ^™8  «  r^ervoir  for  the 
vapour,  wlien  condensed.  The  liquid  formed  by  the  con*' 
densed  vapour  may,  by'  means  of  a  pipe,  ivith^a  cock  rf, 
placed  in  the  botloni  of  the  vessel,  be  withdrawn  when  re- 
quired.  The  outer  iana  upper  part  of  the  coridetiser  has 
upon  it  a  circular  bason  or  open  ve'Ssel'  X,  into  whioh 
water  is  thrown  by  a  pump  or  otherwise,  as  tnuy  be  conve- 
nient. The  smaller  tubes  severally  marked  tl^,  are  each 
wrapped  round,  and  covered  on  their  esdternal  surface  with 
flannel,  or  other  porous  substance  of  the  like  nature, 
which  is  carried  over  into  the  upper  ring  or  bason  X,  from 
whencej  being  previously  wetted,  the  water  is  absorbed; 
and  the  flannel,  or  other  porous  substance  used,  acting  like 
a  syphon,  conducts  it  down  the  outside  of  these  tubes  into 
a  vessel  Y  below  them,  from  which  it  may  be  allowed  to 
run  oHT,  or  be  pumped  again  into  the  upper  vessel  X,  if  re- 
quired. Within  the  hollow  circle  formed  by  these  smaller 
tubes,  severally  marked  U,  is  a  machine  upon  the  principle 
of  a  fan,  kept  in  rapid  motion  by  the  engine  or  otherwise. 
By  this  means,  acontinued  stream  of  air  is  thrown  upon  the 
wet  flannel,  or  other  porous  substance,  and  the  heat  is 
consequently  thereby  more  quickly  withdrawn  from  the 
condenser.  Previously  to  setting  the  engine  to  work,  it  is 
necessary  to  withdraw  the  air  from  the  condenser  and  va- 
pour cylinder,  which  is  done  by  means  of  an  exhausting 
pump  or  syringe  applied  at  c,  to  a  pipe  with  a  stop-cock  &, 
fixed  on  the  top  of  the  condenser.  The  liquid  to  be  con- 
verted into  vapour  for  working  the  engine,  is  introduced' 
into  the  vessel  or  reservoir  at  the  bottom  of  the  condenser, 
through  a  tube  6,  closed  by  a  screw  cap/.  From  this  ves- 
sel or  reservoir,  (the  fluid  in  the  cylinder  having  been  first- 
heated,)  the  liquid  is  thrown  into  the  cylinder  A,  by  the 
forcing  pump  R,  as  before  described.  A  mercurial  guage 
may  be  fixed  in  the  usual  manner  to  any  part  of  the  con- 
denser, in  order  to  shew  the  degree  of  exhaustion  within. 
This  method  of  producing  condensation,  consists  in  expos- 
ing the  vapour,  or  elastic  fluid  to  be  condensed,  to  a  large 
surface  of  metal  surrounded  or  covered  with  flannel,  or 
flonie  other  pordus  substance,  continually  absorbing;  water, 


669  AO^AED^S  BTHBR 

and  at  the  same  time  acted  on  by  a  atreapn  of  atmoepberie 
air,  and  1  claim  the  application  of  this  new  method  of  pro« 
docing  the  condensation  of  the  elastic  fluids  or  ?apour  as  ap« 
plicable  i|;enerally,  and  not  as  applicable  to  my  engine  only. 
The  condensation  of  the  vapour  or  elastic  fluid  may  also 
be  effected  by  injection,  upon  the  same  principle  as  in  the 
steam  engine,  but  with  the  advantage  of  dispensing  with 
the  constant  use  of  an  air-pump,  and  effectually  preventing 
the  escape  of  any  of  the  vapour  or  liquid*  To  effect  the 
condensation  by  injection,  a  tube  S,  (figure  No.  2)  con- 
veys the  vapour  into  an  oblong  vessel  g^  made  of  copper 
or  other  metal,  as  thin  as  the  pressure  will  allow.  The 
required  quantity  of  the  liquid  before  mentioned,  to 
be  afterwards  thrown  into  the  cylinder,  is  introduced  into 
the  condenser  or  vessel  g^  by  the  tube  e  as  before,  or  by  a 
funnel  o,  on  the  top  through  a  stop  cock  j>.  The  forcing 
pump  R,  the  E  to  convey  the  liquid  into  the  cylinder, 
the  pipe  and  cock  b  for  withdrawing  the  air,  and  also  the 
pipe  and  cock  d,  by  which  the  liquid  may  at  any  time 
be  withdrawn,  are  constructed  as  in  the  hereinbefore  de« 
scribed,  and  the  lifting  pump  withdrawing  a  quantity  of 
the  liquid,  is  dispersed  throughout  the  vessel  g^  and,  con* 
densing  the  vapour  therein,  passes  with  it  to  the  bottom 
of  the  vessel.  Part  of  this  liquid  is  again  thrown  into  the 
cylinder  by  the  forcing  pump  R,  to  be  converted  into  va* 
pour  as  before  described,  and  part  of  it  is  again  employed 
to  condense  the  vapour,  in  the  manner  last  before  men« 
tioned.  In  effecting  the  condensation  by  injection,  the 
condenser  and  tubes  connected  therewith  are  immersed  in 
a  cistern  of  cold  water,  a  stream  of  which  is  continually 
passing  through  it,  as  in  the  steam  engine.  The  vapour 
engine  hereinbefore  described,  operates  against  the  pres- 
sure of  the  atmosphere.''  (This  may  be  avoided,  and  a  double 
action  produced,  by  arrangements  similar  to  those  in  steam 
engines,  which  are  described  by  the  patentee.) 

^^  Although  I  prefer  the  uss  of  lamps  upon  Argand*8 
principle,  in  order  to  obtain  the  requisite  degree  of  heat, 
to  give  motion  to  my  vapour  engine ;  yet  an  engine  may 
be  so  constructed,  that  fuel  of  any  kind  may  be  used.  The 
foregoing  are  some  of  the  combinations  of  machinery,  to 
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wlilch  my  iorentioB  ia  applicable ;  but  I  moreoTer  cluiiii, 
as  itiy  ezclusire  invention,  the  application  for  the  purpose  of 
giving  motion  to  machinery,  of  vapour  genemted  froniBUch 
liquids  as  evaporate  at  a  lower  temperatnre  than  water." 

The  annexed  diagram  is  explanatory  of  another  form  of 
engine,  suggested  by  Mr.  Howard,  which  operates  againat 
tlie  pressure  of  the  atmosphere,  and  upon  which  also  ds^ 
pends  the  return  or  vacuum  stroke  of  the  piston.    Two 
methods  of  avoiding  this,  and  producing  a  double  action^ 
airi  given  in  the  specification,  but  which  are  not  inserted 
bere.    The  following  diagram 
presents  an  outline  of  a   very 
effectual  arrangement,    a  a  are 
the  vapour  cylinders  or  vessels, 
(the  form  of  which  may  be  va- 
ried ;}  b  is  the  piston  cylinder ; 
c,  the  piston,  working  horiS«n- 
tally.     The  arrangement  of  the 

lamps,  injecting  tubes,  &c.  is  upon  the  same  principle  am 
before.  The  vapour  is  alternately  generated  within,  and 
withdrawn  fi-om  the  two  vessels,  a  a,  and  acta  upon  the 
piston  through  the  medium  of  the  oil  or  other  fluid,  upon 
which,  or  upon  the  thin  copper  floats  dd,  the  small  quui- 
tity  of  liquid  to  be  evaporated  is  injected,  as  before  der 
scribed. 

In  the  Register  of  Arts,  (vol.  4,  page  ti6,  from  whence 
this  account  is  extracted,)  are  contained  some  additional 
observations  on  this  subject,  by  the  ingenious  patentee, 
which  appearing  to  us  to  be  well  deserving  of  the 
consideration  of  the  reader,  we  here  tranacribe  them. 

"The  leading  principles  upon  which  this  invention  m 
founded  are,  the  generating  na  more  vapour  than  is  ac- 
tually demanded  to  produce  the  required  effect;  the  fur- 
ther  expansion  of  the  vapour  in  the  veswl  in  which  it 
operates;  and  the  employment,  under  these  arrangeroenti^ 
of  such  liquids  (though  not  exclusively)  as  evaporate 
more  rapidly,  and  at  a  lower  temperature,  than  water.  It 
is  obvious  that  the  first  principle  cannot  b*<eflwted,  wh^ 
there  is  employed  a  boiler,  or  generator  of  any  kind,  dis- 
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tinct  from  tbe  cylinder  or  otb^r  ve^oe),  ii)  which  the  va«:, 
pour  operates  by  its  pressure,  and  between  which  the 
coiDiDimieatioa  is  shut  off  at  iotervals*  The  advantage  of 
preventing  the  cooling  of  the  cylinder  of  the  st^am-engine 
was  observed  by  Wati,  and  has  been  attenipjted  iu  a  va- 
riety of  ways,  and  .wins  successfully  effected  by  placing  it 
within  the  boiler,  as  in  the  high-pressure  engine  of  Tre- 
viCbick.  But  1  have  nowhere  heard  of  its  having  been 
proposed  to  raise  the  temperature  of  the  cylinder  higher 
than  that  of  the  boiler*  This  principle  could  not,  indeed^ 
be  accomplished  with  its  full  advantage  in  the  steam- 
engine,  because  the  expansion  of  the  vapour  by  heating 
the  cylinder  would  only  be  partial ;  for  when  the  commu- 
nication is  open  with  the  boiler,  there  cannot  exist  a 
greater  pressure  within  tie  one  vessel  than  the  other; 
therefore,  the  vapour  in  the  boiler  must  also  be  expanded, 
before  the  whole  effect  caii  be  produced.  When  the  va- 
pour' is  generated,  as  in  my  engine,  within  the  vessel  in 
which  it  operates  by  its  pressure,  the  same  source  of  heat 
employed  for  the  former  purpose,  is  also  made  to  increase 
the  effeet  of  the  latter;  the  whole  vet^sel  being  surrounded 
^fth  a  medium  (ether,  air,  or  a  fluid)  heated  by  the  fuel 
-employed  to  generate  the  vapour.  By  these  arrange- 
ments, combined  also  with  a  fluid  i>iedium  within  the  va- 
pour vessel,  and  which  likewise  prevents  any  escape  of 
the  vapour,  tbe  loss  of  Jieat  by  radiation,  &c*  is  as  much 
"prevented  as  perhaps  it  can  possibly  be,  owing  to  the 
r«niall  extent  of  surface  to  which  it  is  nec^iSary  to  apply 
the  fuel,  and  to  its  being  made  to  bear  at  once  .upon  the 
vessel  in  which  the  effect  operates*  When  we  reflect  that 
ev«ry  additional  40^  of  heat  doubles  the  previously  exist- 
ing expansive  pawer  of  the  vapour,  the  advantages  of  this 
-system  will  be  evident.  While  the  temperature,  4^y  pro- 
ceeds in  an arithnietical,.the  expansion  proceeds  in  ageome- 
trical  ratio,  or  nearly  so.  Other  advantages  are  also  ol)- 
tained  by  generating  the  vapour  in  the  vessel  in  which  jt 
operates.  No  injurious  condensation  of  the  vapour  tal^es 
•place  by  the  injeeliQii  of  the  liquid  to  be  evaporated,. b{^- 
'  cause, .at  the  moment  of  injection,  there  is  no  vapour  in 
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tlte  veflROl^  iicilhei-  is  tbere  any  premre  to  cvereoHie,  ia 
introduDing  ttfe  liquid;  .:     .     .  ;  r  .     • 

.  <^  IVIieD  '^the  idea  firat  occurred  to  me-  of  •mploying'^ 
instead  of  neater,  liquids  whicli  ^Tapdmte  at  a  lowM 
jtemperaturey  I  perceived  immediately,  tb^ii;  it  would- *be 
hopeless  to  attempt  the  practice  of  such  a  theory  Hp^il 
the  present  principle  of  the  steam  engine  va:od.  when  I 
afterwards  found  that  such  had  actually  been  attempted 
with. alcohol,  I  was  not  surprised  that  it  had  proved  abor« 
tive.  To  say  nothing  of  the  danger  of  placing  a  fuimacbe 
under  a  boiler  containing  a  large  quantity  of  an  inflam- 
mable liquid,  it  would  be  almost  impossible  tp  ptevent  its 
escape,  which  would  soon  amount  to  far  mone  than  thje 
saying  of  fuel  that  would  be  made  upon  iluUplan.  Aftfr 
making  many  experiments,  it  appeared  to  me  that  thn^  f^ 
pour  might,  by  a  new  and  proper  arrangement,  be  geae<> 
rated  within  the  cylinder  itself,  and  thus  do  away  wi^ 
the  necessity  of  a  separate  boiler,  or  generatioir  of  aipj 
kind.  I  ascertained  that  ether  or  alcoh<^  would  eva||Dr 
rate  with  sufficient  rapidity,  and  would  produce  an  iffr 
stantaneous  and  very  great  pressure  in  a  closed  vessel,. if 
the  surface  upon  which  a  small  quantity  was  thr:OWa,  w^f 
heated  to  about  KMK*  above  the  boiling  pdii:^  of  the  liifw^ 
In  these  etperimentd^  mercury  was  employod.as  a  meduw 
upon  whicih  to  evaporate  the  liquid.  Th^.followiBg  Tabl^ 
will  explain  the  system..'  ;  > 
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*  lo  a  sabftcquent  commanication  to  the 'scientific  journal  quoted, 
Mr.  Howard  obiarves,  that  the  fifth  colomn  of  this  table  maat  be  coo* 
•idered  errooeou*. 
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*-aiid  80  00 in  proportion,  Cmt  every  additional  40*<of  beat^ 
bat  gradually  decreasing  in  effect,  as  the  temperature  ad^ 
fsanees.  The  calculations  are  given  only  aa  an  approxi- 
■mtion  sufliciently  correct  toillustrate  the  theory. 

'*  Suppose  it  be  required  to  work  an  engine  with  ether, 
having  a  cylinder  or  vapour  vessel  or  vessels,  twenty 
inches  in  diameter,  and  thirty  inches  in  length,  and  with 
a  pressure  on  the  piston,  or  (which  is  the  same  in  effect,) 
apon  the  intermediate  fluid,  of  eight  atmospheres,  and 
which  would  be  a  very  powerful  engine.  Such  a  vessel 
as  thai  above  described  will  contain  about  ten  thousand 
cubic  inchjes.  This  will  require  the  evaporation,  of  about 
five  and  a  half,  say  six  cubic  inches  of  ether,  at  two  hun- 
dred and'  twenty  degrees,  as  six  cubic  inches  contain 
nearly  sixteen  hundred  grains  or  drops  of  liquid,  five 
drops  must  be  evaporated  from  each  square  inch,  since 
the  diameter  of  the  vessel,  twenty  inches,  presents  a  sur* 
bee  of  about  thred  Imndred  and  twenty  square  inches. 
Five  dropd  of  ether  upon  a  square  inch  of  surface,  heated 
to  two  hundred  "and  twenty  degrees,  will  evaporate  with  a 
rapidity  suflicient  to  produce  a  motion  equal  at  least  to 
the  condensing  steam  engine.  By  decreasing  the  heat,  or 
th^  quantity  of  liquid  injected,  the  effect  will  be  decreased 
in  proportion,  so  that  the  motion  and  power  of  the  engine 
nny  be  governed  w4th  great  -exactness.  If  the  quantity 
of  liquid  injected  be  decreased,  and  uot  the  heat,  the 
power  (pressure)  only  will  be  decreased :  the  motion,  so 
far  as  depends  upon  the  quickness  of  evaporation,  may 
even  be  increased*  The  relative  proportion  between  the 
motion  and  power  also  depends  upon  that  between  the 
sufrfh<i<&  of  the  piston  and  the  surfece  of  the  intermediate 
fluid,  which  receives  the  pressure  of  the  vapour.  It  is 
not  necessary  at  present  to  enter  fully  into  this  part  of  the 
subject;  there  must  be,  of  course,  a  certain  modification 
with  regard  to  the  temperature  and  the  quantity  of  liquid 
{injected,  which  will  be  found,  by  practice,  to  produce  the 
most  advantageous  result,  according  to  the  purpose  for 
which  the  engine  is  designed,  and  other  circumstances. 

**  Alcohol  will  furnish  the  same  results  as  etheri  if  the 
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teoiperatiure  be  raised  seventy^fiTe  deglraee  4uglier/'^a|id 
upon  the  whole,  this  liquid  may  perhaps  be  prefinrtble^ 
particularly  as  it  may  be  more  readily  and  eiectuUly 
eotidensed. 

^  Water  will  also  give  the  same  espaasive  power,  at  dae 
hundred  and  twelve  degrees  higher  than  ether,  or  thirty* 
seven  degrees  higher  thaq  alcohol ;  bat  the  motion  of  the 
ehgine  would  be  comparatively  slow  at  this  degree  of 
heat,  and,  therefore,  independently  of  the  necessary 'in- 
crease of  temperature^  the  greater -quantity  of  latent  ca« 
lorie  absorbed  by  .its  vapour,  and  other  circumstances,  «the 
same  effect  can  only  be  produced  from  this  liquid  by  a 
greater  consumption  of  fuel.  NevelrthelesB,  there  may  be 
instances  in  which  water  would  be  employed,  as,  even  in. 
this  case,  the  consamption  of  fuel  will  be  tery  small,  eoaif' 
pared  with  the  steam  ehgine.  It  must  be  remembered, 
that  it  is  not  ne^cessary  that  the  wk€>k  of  the  liquid  in* 
jected  should  6tapbrate  tostantiy.  It  is  sufficient  if  it 
evaporate  during  the  time  occupied  by  the  dsseent  tsf  the- 
surface  on  which  the  pressure  operates,  and  which  prss* 
sore  commences  iratoediately  upon  the  injeetiop  eP  the 
liquid,  because  a  very  small  qtmniity  of  vapoor  is  suffix 
cient  to  fill  the  contracted  space  exisiing  at  this  mvMhtot 
in  the  vessel,  and- which  space  enlarges  with  the  increased 
quantity  and  pressure  of  the'  vapour,  until  the'  required 
motion  be  produced;  when,  the  vapour' being  withdrawn, 
the  medium  within  the  vesser  returns  by'the  pressure  in 
the  contrary  direction,  and  again  occupies  the  space  from 
which  it  was  ejected  by  the  vapour.  It  is  thus  that  no 
more  vapour  is  generated  than  is  actually  employed;  afcid, 
as  this  is  the  utmost  degree  of  simplicity  at  which  we  can 
arrive,  may  we  not  presume,  even  from  this  caase  alone, 
that  it  is  the  most  effectual  itiethod  of  availing  ourselves 
of  the  vapour  of  liquids? 

^^  The  arrangement  of  the  argand  lamps,  and  the  man- 
ner in  which  the  heat  produced  by  themis  made  effectual, 
will  be  understood  by  inspecting  the*  drawings  annexed 
to  the  specification.  The  principle  of  the  invention  ^ie, 
the  permitting  no  air  to  approach  the  vapour  veasftb'Oi 
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cjjiilincbn^'lnit  mmii  is  'has-  been  ta tensely  heated  b]r:{NMB« 
iog 'thr«i»gti  the  ^aifae«of  the.  lamps.  Charcoal  maybe 
enployeil  ini.mnch'ilhe:8ame  way;  but  when  fuel  of  thia 
kind  IB  made  use  of,  I  purpose  to  surround  the  cylinders 
with  a  Auid  .mediiHii^'iaslead  of  heated  air,  and  which 
may. also -be. added  when  lamp»  are  used,  but  in  this  case 
it  does  not  appear «to  beneeeasary.  Th^  surface  exposed 
to  the  atmosjpbere  may  be  coated,  f^xternajlv,  with  some 
imperfect  conductor  of  heat*  Many  advantages  will  re- 
sult from  the- employment  of  argand  lamps,  particularly 
in  navigation*  In  powerful  engines,. they  will^  of  course, 
be  constructed  on  a  large  scale. 

^  Having  completed  these  arrangements,  it  became 
necessary  to  devise  some  Qther  mode  of  condensing  the 
vapour  than  that  practised  in  the  steam  engine;  for  the 
injection  of  fresh  portions  of  cold  water  is,  of  course,  in* 
admissible,  when  the  vapour  of  other  liquids  is  to  be  con- 
densed* By  the  first  method,  given  in  the  specification, 
the  doiidensation  is  efiected  without  injection.  By  sur- 
rounding the  thin  copper  tubes  with  a  porous  substance, 
absorbing  water  from  a  vessel  above,  a  contioually  re- 
newed stream  of  it  is  brought  into  contact  with  them ; 
and  by  subjecting  this  extended  surface  to  the  constant 
action  of  fresh  portions  of  atmospheric  air  (which  may  be 
done  in  several  ways),  the  evaporation,  or,  more  properly, 
the  solution  in  air,  of  the  water,  reduces  the  tempera* 
ture  very  rapidly,  about  ten  degrees  lower  than  can  be 
effected  with  the  water  only,  and  a  small  supply  of  water 
is  sufficient;  for  I  imagine  that,  in  most  cases,  the  water 
'  will  run  off  sufficiently  cool  to  be  again  made  use  of.  I 
propose  the  introduction,  with  some  suitable  modifica- 
tions, of  this  method  of  condensation  into  distilleries.  The 
first  cost  will  be  far  less  than  that  of  the  heavy  worm  and 
tub  at  present  in  use,  and,  I  doubt  not,  will  be  found, 
more  effbctual. 

^<  A  method  of  condensation  by  injection  is  also  given 
in  the  specification,  and  I  think  it  pre^ej^able  to  the  for- 
mer, where  a  Ur^P  supply  of  cold  water ;  19  readily  ob^ 
tained,  aa  in  navigation. .  The  principle ifi,  the  circulatioii 


tlirough  the  condenser  o(  the  same  liqmd,  which,  after 
having  performed  its  oiSce  within  the  condenser,  is  with« 
drai^n,  and,  previously  to  being  again  injected,  is  cooled 
by  passing  through  a  pipe,  or  worm,  exposed,  as  is  the 
whole  of  the  condenser,  to  a  stream  of  cold  water.  As  no 
air  is  introduced,  it  obviates,  in  my  engine,  the  necessity 
of  an  air-pump  in  constant  action.  This  method  is  also 
equally  applicable  to  the  steam  engine,  and  would  relieve 
•t  from  a  great  part  of  the  burthen  of  the  air-pump. 

^^  With  respect  to  the  safety  of  my  invention,  it  will  be 
seen,  that  it  may  be  made,  at  pleasure,  either  a  high  or 
low-pressure  engine.  As  it  is  very  easy  to  construct  the 
vapour  vessels  of  uniform  strength  throughout,  and  as  the 
effect  of  the  safety-valve  may  be  depended  upon,  because 
the  vessels  cannot  be  injured  by  the  heat  to  which  they 
are  exposed,  owing  to  the  manner  in  which  it  is  applied, 
it  may  be  very  safely  proposed  to  extend  the  pressure  to 
eight  or  ten  atmospheres ;  not  that  this"  is  by  any  means 
necessary  to  the  success  of  the  system,  for  a  low-pressure 
will  answer  to  the  theory  equally  well;  and  as  the  siee 
of  the  cylinders  cannot  generally  be  an  object  of  much 
consequence,  it  may,  perhaps,  be  considered  prefer* 
able. 

^^  In  accomplishing  this  undertaking,  that  some  of  those 
difficulties  may  present  themselves,  which  are  alwaysattend- 
ant  upon  the  introduction  of  a  new  system,  I  am  fully  pre- 
pared to  expect ;  but  that  they  can  only  be  of  minor  im- 
portance, I  have  fortunately  been  enabled  to  place  beyond 
a  doubt,  by  the  experiments  which  I  have  made  upon  an 
engine  (not  yet  completed)  having  cylinders  of  eight 
inches  diameter.  As  it  operates  against  the  pressnre  of 
the  atmosphere,  this  alone,  were  there  no  other  indication, 
is  sufficient  proof  of  the  power  of  the  vapour,  and  which 
seems  capable  of  being  carried  to  almost  any  extent.  The 
motion  commences  immediately  upon  the  injection  of  the 
liquid.  It  derives  its  hent  from  four  gas  lamps,  of  the 
o-*dinary  size,  which  appear  to  be  quite  sufficient,  notwith- 
standing the  imperfection  of  the  arrangements.  I  hav^ 
generally  made  use  of  ether.     It  stands  in   an  area  of 
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three  feet  by  two  feet,  which  is  the  space  that  would 
be  occupied  by  an  engine  of  about  ten-horse  power. 

^^  It  18  scarcely  necessary  for  me  to  point  out  to  those 
who  are  conversant  with  these  subjects,  the  advantages 
which  will  result  from  the  employment  of  the  vapour 
engine,  particularly  in  navigation.  It  is  proper,  how- 
ever, that  I  should  take  some  notice  of  them.  The  most 
apparent  are — the  very  small  consumption  of  fuel ;  the 
absence  of  all  nuisance  from  smoke,  and  of  a  chimney 
flue,  when  lamps  are  made  use  of;  the  trifling  space  occu- 
pied by  the  quantity  of  oil,  or  other  material  necessary, 
even  for  the  longest  voyage,  compared  with  that  at  pre- 
sent required  in  steam  vessels  for  the  stowage  of  coal ;  the 
small  space  occupied  by  an  engine  of  the  greatest  power; 
its  perfect  safety,  portability,  and  moderate  expense  of 
construction.^' 

It  is  now  fonr  years  since  Mr.  Howard  commenced  this 
undertaking,  during  which  time  he  has  persevered  with 
increasing  confidence  as  to  its  ultimate  success.  We  have 
seen  an  engine  recently  made  by  him,  which  may  be 
deemed  his  second  experimental  engine ;  it  is  worked  by 
the  vapour  of  alcohol,  and  is  formed  on  the  plan  of  a  boat 
engine,  with  two  short  cylinders  and  pistons,  calculated  to 
give  out  twenty-four  horse  power.  We  have  seen  it  in 
operation,  and  it  performs  very  regularly,  making  about 
thirty-three  strokes  per  minute;  the  eflective  force  had 
not  then  been  determined. 

Bituminous  Vapour  Engintj  by  M.  de  Montgery.  1826* 

It  appears,  by  the  Annates  de  Chimie,  wherein  this  in- 
vention was  first  mentioned,  that  it  had  been  actually 
constructed,  and  answered  the  purpos"^.  Of  the  last-men<« 
tioned  fact,  strong  doubts  may  however  be  entertained, 
since  nothing  has  been  heard  of  it  for  the  last  three  years* 
The  following  account  includes  all  the  information  af- 
forded by  that  journal^  which  will  nevertheless  furnish 
succeeding  experimentalists  with  an  outline  of  the  plan 
adopted  by  M.  de  Montgery. 
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^^  This  engine  derives  its  power  from  the  vapour  of  po* 
bitumen,  which  having  operated  upon  the  piston,  is 
conducted  to  the  furnace,  and  used  as  a  combustible  for 
the  production  of  fresh  vapour.  The  furnace  and  the 
principal  part  of  the  machinery  are  contained  within  the 
generating  apparatus,  which  has  a  double  case.  In  con- 
sequence of  this  arrangement,  it  is  added,  that  vapour 
of  a  high  degree  of  elasticity  is  obtained,  free  from  dan- 
ger,  and  the  bulk  of  the  whole  machine  is  only  a  fiftieth 
part  of  a  steam  engine  of  equal  power." 

Cfas'Power  Engine^  by  Mr.  B.  Cheverton^  of  Ringdowtij 

near  Bristol.  1826. 

^'  It  has  long  been  a  desideratum  in  practical  mechanics^ 
(Mr.  Cheverton  observes),  to  possess  a  power  engine 
which  shall  be  ready  for  use  at  any  time,  capable  of  being 
put  in  motion  without  any  extra  consumption  of  means, 
and  without  a  loss  of  time  in  its  preparation.  These  qua- 
lities would  make  it  applicable  in  cases  where  but  a  small 
power  is  wanted,  and  only  occasionally  required.  They 
are  so  numerous,  and  the  consequent  saving  of  human 
strength  would  be  so  great,  that  the  advantages  accruing 
to  society  would  be  immense,  if  even  the  current  expense 
were  much  greater  than  that  of  steam.  Such  an  engine 
should  also  be  actuated  by  a  force  so  concentrated,  and 
so  compendiously  appropriated,  as  to  occupy  but  little 
space,  and  be  but  of  little  weight,  by  which  it  would  be- 
come  applicable  to  locomotive  purposes.  If,  in  addition* 
to  this,  the  consumption  of  materials  was  moderate,,  we 
should  then  be  in  possession  of  a  mechanical  agent,  which 
would  enable  us  to  navigate  the  ocean  independently  of  the 
wind,  but  which  it  is  in  vain  to  expect  from  our  pre* 
sent  means.  It  is  well  known  that  the  common  steam 
engine  satisfies  none  of  these  conditions.  It  is  true  thai^ 
on  the  high-pressure  principle,  the  important  requisite  of 
great  power  in  a  little  compass  is  obtained,  but  it  is  not 
less  true  that  the  saving  of  fuel  is  comparatively  trifling 
I  have,  indeed,  been  long  of  opinion  that  little  of  this 
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effect  can   be  attributed  to  the  greater  elasticity  of  the 
steam,  and  that  it  arises  chiefly  from  accessory  circumstances. 

^  1  was,  a  few  years  ago,  led  by  these  views  to  turn  my 
attention  to  the  gases,  having  been  forcibly  struck  witir 
the  prodigious  pressure  under  which  they  are  capable 
of  being  generated.  Gunpowder,  the  fulminating  pow-^ 
ders  generally,  but  especially  that  remarkable  fluid,  azo- 
tane,  are  examples  in  point.  For  mechanical  purposes, 
a  gradual  production  of  gas  is  of  course  to  be  adopted. 
The  evolution  of  carbonic  acid  gas,  by  the  action  of  sul- 
phuric acid  on  the  carbonates,  was  an  obvious  case.  On 
making  the  necessary  calculations,  this,  with  many  other 
means,  were  found  too  expensive,  because  the  scheme  em- 
braced this  principle — an  expenditure  of  the  gas.  It  be- 
came necessary,  therefore,  to  take  into  consideration  those 
substances  which,  after  assuming  the  gaseous  form,  could 
be  fixed  again  in  the  fluid  state,  such  as  alcohol,  ether, 
turpentine,  &c.  These,  besides  boiling  at  a  low  tempe- 
rature, have  little  specific  caloric,  and  their  vapours  little 
latent  heat.  Dr.  Cartwright's  much-neglected  engine 
wat  recollected,  but  the  waste  of  costly  articles  was  not, 
perhaps,  sufficiently  guarded  against.  The  idea  of  a  liquid 
body,  as  oil,  intervening  between  the  piston  and  the  va- 
pour, naturally  suggested  itself.  This,  however,  is  not 
altogether  new,  for  it  was  acted  upon  in  the  old  atmo- 
spheric steam  engines;  but  the  circumstances  of  the  case 
require  a  modification  of  the  plan,  since  the  object  is  not 
so  much  to  cut  ofl^  the  communication  between  it  and  the 
external  air.  For  this  purpose,  the  whole  cylinder  must 
be  filled  with  oil. 

^^  I  have  no  doubt  that  a  good  engine  may  be  con- 
structed on  this  plan,  but  it  did  not  fully  meet  my  views; 
\  it  wa^*,  therefore,  with  no  little  pleasure,  that  I  read  the 
paper  laid  before  the  Royal  Society,  containing  an  ac- 
count of  the  experiments  made  by  Sir  Humphrey  Davy 
and  Mr.  Faraday,  in  which  the  condensation  of  several  of 
the  gases  into  liquids  was  effected,  at  a  temperature  and 
under  a  pressure  within  practical  limits,  proving  thereby 
that  some  of  those  gases  to  which  ray  attention  had  been 
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directed  od  Ihe  principle  of  their  expettditure,  coa\d  he 
re-produced  in  the  fluid  form,  and  used  again  in  the  same 
way  as  alcohol  and  ether.  1(  immediately  occurred  to 
me,  as  a  sine  ^a_noR  condition  of  en  engine  working  with 
tuch  materialu,  that  there  be  no  moving  joint  to  which  the 
giis  can  have  access;  in  short,  there  must  not  be  a  poast- 
bilily  of  its  escape,  and  that  the  simplest  and  most  ob* 
vious  means  of  satisfying  this  condition,  was  to  make  the 
same  vessel  alternately  a  boiler  and  a  condenser.  Further 
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consideration  confirmed  me  in  the  idea  of  the  practical 
bility  of  this  plan,  since  the  difference  of  temperature  re* 
quired  to  produce  a  great  difference  in  the  elastic  form  of 
the  gas,  is  but  a  few  degrees,  when  the  minimum  elasticity 
is  already  considerable*  The  project  of  an  engine,  as  re- 
presented in  the  figure  prefixed,  was  therefore  substan- 
tially completed ;  it  remained  only  to  adopt  a  mode  of 
alternately  heating  and  cooling  the  liquid  employed.  Se* 
veral  plans  suggested  themselves,  but  I  prefer,  for  its 
simplicity,  its  certainty,  and  the  ease  with  which  it  can  be 
regulated,  the  method  which  will  be  immediately  ex- 
plained, 

^^Description  of  the  Engine. — The  figure  presents  a 
vertical  section,  with  this  remark,  that  as  all  the  vessels 
have  a  circular  form,  a  horizontal  section  becomes  un- 
necessary. It  is  proper  to  observe,  that  the  disposition  of 
the  parts  as  represented,  has  been  adopted  solely  for  the 
purpose  of  bringing  the  whole  into  one  view.  The  engine 
consists  of  a  duplication  of  parts,  viz. — aa^  two  refrigera- 
tors containing  cold  water;  b  6,  caiorators  containing  hot 
oil ;  c  c  alternators  lined  with  wood,  and  filled  alternately 
with  the  hot  and  cold  medium*  dd,  generators,  consist- 
ing of  a  cylindrical  assemblage  of  capillary  copper  tubes, 
about  half  filled,  at  the  minimum  pressure,  with  the  car- 
bonic acid,  or  other  liquid  employed — they  communicate 
with  the  upper  end  of  ee,  strong  copper  gasometers,  lined 
with  wood,  nearly  full  of  oil,  at  the  minimum  elasticity  of 
the  gas,  but  which,  at  its  maximum,  expels  nearly  the 
whole  of  it  into  the  cylinder,  &,  in  which  works  i,  the  pis- 
ton. /  /,  solid  wooden  plungers,  n  n,  pipes  for  a  constant 
supply  of  cold  water,  o  o,  pipes  through  which  gas  is  in 
the  first  instance  introduced,  and  oil  occasionally  injected, 
in  order  to  supply  the  waste  at  the  piston  rod — they  are 
closed  in  a  particular  manner,  pp^  boards  floating  on  the 

oil;  ( ),  level  of  the  water  and  of  the  oil;  ( ), 

level  of  the  separation  between  the  water  and  the  oil. 

"  Action  of  the  Engine.— One  of  the  gasometers  being 
nearly  full  of  oil,  and  the  generator  attached  to  it,  with 
the  liquid  contained  therein,  being  reduced  to  the  lower 
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temperature,  the  elasticity  of  the  gas  is  then  at  its  mini- 
mum  ;  but  which  will  at  all  times  be  very  considerable^ 
especially  if  the  carbonic  acid,  or  the  nitrous  oxide,  be 
the  liquids  employed ;  a  flood  of  hot  oil  suddenly  descends 
upon  and  surrounds  the  generator ;  instantly,  an  evolution 
of  gas  takes  place,  and  continues  till  its  density,  and  con- 
sequent elasticity,  produce  the  pressure  under  which  the 
liquid  ceases  to  boil  at  the  temperature  to  which  it  has 
attained.  This  increase  in  the  elastic  force  of  the  gas  will 
be  in  some  proportion  to  the  elevation  of  temperature, 
but  diflers,  not  only  with  the  different  liquids  employed, 
but  wilh  the  same  liquid,  according  to  the  prior  pressure 
under  which  it  was  placed.  Meanwhile,  the  gas,  pressing 
on  the  oil  in  the  gasometer,  causes  it  to  rush  into  the  cylin- 
der,  carrying  with  it  the  piston  that  works  therein  to  the 
farther  extremity.  The  duplication  of  the  apparatus  pro- 
duces the  return  stroke,  and  thus  a  movement  is  kept  up. 
But  to  effect  the  re-action,  the  elasticity  of  the  gas,  which 
now  occupies  nearly  the  whole  of  the  gasometer,  must  be 
reduced.  For  this  purpose,  the  generator  is  flooded  with 
cold  water,  which  rises  from  below,  bearing  up  the  hot 
oil  on  its  surface,  to  the  place  from  which  it  descended. 
The  temperature  of  the  generator  and  its  liquid  falls,  the 
gas  condenses  rapidly  on  its  extensive  surface,  its  density 
as  rapidly  diminishes,  it  returns  to  its  first  elasticity,  and 
the  oil  regains  its  former  level  in  the  gasometer.  Again 
the  water  sinks,  and  the  hot  oil  descends,  and  thus  the 
same  vessel  becomes  alternately  a  boiler  and  a  condenser; 
in  one  case  generating  a  gas,  in  the  other  a  liquid.  To 
force  up  the  hot  oil  from  the  alternator  into  the  calorator, 
in  which  it  is  heated,  a  plunger  is  immersed  in  the  column 
of  cold  water  contained  in  the  refrigerator ;  this  raises  its 
level,  and  consequently  the  level  of  the  column  of  water 
and  oil  with  which  it  is  in  equilibrio.  There  is  not  the 
fHction,  concussion,  or  elaborate  workmanship,  which 
would  attend  a  piston  employed  for  this  purpose.  The 
specific  gravity  of  the  oil  being  less  than  that  of  water, 
there  will,  of  course,  be  a  difference  and  a  varying  differ- 
ence in  the  altitude  of  the  two  columns,  when  in  equiii- 
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brioy  according  to  the  well-known  hydrostatic  principlesi 
but  this  is  of  no  consequence.  The  plunger  must  be  so 
proportioned,  and  immei^ed  so  deep,  as  to  displace  a  body 
of  water  equal  in  volume  to  that  of  the  oil  elevated,  be- 
sides what  is  required  for  the  raising  of  its  own  level. 
Now  it  is.  obvious  that  here  is  an  opportunity  to  regulate 
the  power  of  the  engine;  for  the  less  the  plunger  is  raised, 
the  less  is  the  descent  ^f  the  hot  oil,  and  consequently  less 
of  the  liquid  is  exposed  to  its  influence  ;  a  governor,  there- 
fore, would  be  very  properly  applied  to  the  mcP^ements  of 
the  plungers.  If  a  greater  power  be  required  than  when 
the  governor  is  at  the  extreme  limit  of  its  influence,  that 
is,  when  the  generator  is  entirely  surrounded  with  hot  oil, 
it  may  be  produced  by  bringing  the  lamps  nearer  to  the 
oalorator,  or  by  lighting  a  greater  number  of  them.  If 
however  the  same  velocity  of  action  be  not  required  to  be 
maintained,  the  engine,  possessing,  in  itself  a  source  of  self- 
regulation,  will  increase  in  energy  for  the  occasion  ;  be- 
cause the  slowness  of  the  strokes  allowing  a  longer  tiaie 
for  the  heating  of  the  liquid,  its  temperature  will  be  raised 
to  more  than  the  ordinary  degree,  for  this  must  be  always 
less  than  that  of  the  hot  oil.  The  extent  to  which  this 
enlargement  of  the  power  may  be  carried,  and  the  facility 
with  which  it  may  be  eflected,  is  of  great  importance  with 
respect  to  navigation,  and  will  be  duly  appreciated  by 
those  conversant  with  the  subject.  The  limits  of  this  ex- 
tension, and  the  safety  of  the  engine,  are  points  which  will 
be  discussed  hereafter.  It  should  be  observed  that  the 
action  of  the  plungers  must  be  a  little  in  advance  of  that 
of  the  piston,  in  order  to  give  time  for  the  heating  and 
cooling  of  the  meial  of  the  generator. 

^^  Remarks. — There  Is  this  peculiarity  in  the  engine,  that 
it  has  neither  valves,  cocks,  nor  pumps,  nor  any  moving 
joint,  except  that  of  the  piston  and  its  rod;  hence  its  sim- 
plicity, and  consequently  the  cheapness  with  which  it  may 
be  constructed.  The  room  which  an  eighty-horse  power 
engine  would  occupy,  would  not  probably  be  more  than  a 
cubical  space  of  seven  feet  dimensions,  so  far  as  the  cylin* 
der  and  its  appenda 
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practicable  to  attach  a  guag^  to  the  engiue,  by  which  the 
pressure  of  the  gas  may  be  ascertained ;  and  means  are 
tlevised  by  the  use  of  which  the  height  of  the  liquid  in  the 
generator  may  be  known.  The  introduction  of  the  cat- 
bonic  acid'or  other  liquid  employed,  should  be  in  Ihe  form 
of  gas.  For  this  purpose,  the  generator  must  be  brought 
to  a  lower  temperature  than  the  gasometer,  which  will 
occasion  the  greater  part  to  condense  therein  ;  that  which 
may  form  in  the  gasometer  will  distil  over,  after  the  appa- 
ratus  for  producing  the  gas  is  removed.  If  is  also  for  this 
reason,  that  there  is  no  fear  that  an  accumulation  of  the 
liquid  will  take  place  in  that  vessel  during  the  working 
of  the  engine.  To  prevent  condensation,  however,  in  any 
hurtful  degree,  its  interior  is  lined  with  wood,  and  a  board 
floats  on  the  sur&ce  of  the  oil.  Another  plan  would  be^ 
to  maintain  the  gasometer  at  the  higher  temperature  to 
which  the  liquid  is  raised ;  but  this  is  by  no  meftns  advisa- 
ble, if  it  can  be  avoided.  The  board  is  also  of  importanl 
use,  in  preventing  the  absorption  of  gas  by  the  oil,  during 
the  greater  pressure ;  which  being  evolved  at  the  time  of 
the  collapse,  would  prove  injurious,  by  diminishing  the 
difference  between  the  elastic  forces;  Oil  is  selected  as 
the  heating  medium,  because  it  is  ligliter  than  water,  and 
has  its  boiling  point  so  much  higher.  It  is  probable, 
however,  that  two  hundred  and  twelve  degrees  is  a  tem^ 
perature  sufficiently  superior  to  that  to  which  the  liquid 
will  require  to  be  raised,  and  such  as  will  produce  its 
almost  instantaneous  heating ;  if  so,  hot  and  cold  water 
may  be  employed.  From  the  relative  position  of  the  two 
mediums,  little  communication  of  heat  can'  take  place* 
The  alternator  is  internally  lined  with  wood,  pstrtly  tp 
prevent  a  loss  of  heat,  but  principally  to  preserve,  as  much 
as  possible,  the  coldness  of  the  water.  In  a  locomotive  ei|T 
gine,  the  water  could  only  be  occasionally  changed ;  in 
the  intervals  a  cooling  process  may  be  at  work,  and  th0 
plnngers  would  perform  the  office  of  a  pump.^' 
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Gas  Motive  Engme^  hy  Limi.'CoL  Tarrensy  qf  Croydon.  1890. 

This  is  another  very  recently  invented  apparatus  for 
obtaining  power  and  motion^  from  the  expansion  of  liquids 
obtained  from  condensed  gases.    The  inventor  observes, 
in  his  specification,  that  the  chief  difficulty  which  Mr. 
Brunei  and  others  have  met  with,  in  constructing  appara* 
tus  for  obtaining  power  on  this  principle,  was  to  construct 
vessels  of  sufficient  compactness  and  strength,  to  prevent 
the  escape  of  the  gas,  and  at  the  same  time  to  permit  the 
motion  of  pistons,  &c.   The  liquid  of  sulphuretted  hydror 
gen,  at  fifty  degrees,  has  been  found  to  produce  a  vapour 
which  exerts  a  pressure  of  seventeen  atmospheres.    Fluid 
carbonic  acid,  at  thirty-two  degrees,  produces  vapour  ex- 
erting a  force  of  thirty*six  atmospheres.    Nitrous  oxide 
liquid,  at  forty-five  degrees,  produces  vapour  of  fifty  at- 
mospheres* pressure ;  the  vapour  of  ammonia,  at  fifty  de- 
grees, 66.  atmospheres ;  muriatic  acid,  at  fifty  degrees,  40 
atmospheres^  and  chlorine,  at  sixty  degrees,  40  atmospheres^ 
To  resbt  such  pressures,  of  course,  very  strong  vessels, 
and  compact  materials,  are  essentially  necessary,  to  prevent 
the  escape  of  the  subtle  vapour. 

Colonel  Torrens*s  plan  for  this  purpose  consists  of  the 
following  arrangement.  On  a Turnace  is  placed  a  strong 
vessel  or  boiler,  which  is  partly  filled  with  the  condensed 
liquid  of  the  condensed  acid,  and  partly  by  the  vapour 
arising  therefrom.  This  boiler  he  surrounds  with  oil,  (or 
Dther  suitable  matter),  contained  in  an  exterior  vessel, 
serving  as  a  medium  to  convey  the  heat,  and  assisting  in 
preventing  the  escape  of  the  vapour.  The  working  cylin- 
der and  piston  are  in  like  manner  surrounded  by  aooUier 
exterior  vessel,  containing  oil  under  great  pressure,  and 
it  is  connected  with  the  boiler  and  the  condenser  by  pas- 
sages and  valves,  similar  to  those  used  in  steam  engines* 
The  condenser  is  surrounded  by  cold  water,  which  liquifies 
the  vapour  after  it  has  passed  through  the  working  cylin- 
der, whence  it  is  forced  by  a  pump  back  into  the  boiler. 
The  gas  in  the  upper  part  of  the  boiler  is  forced  through 
a  pipe,  into  the  working  cylinder,  on  the  alternate  sides 
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of  tbe  piston,  by  the  action  of  a  powerful  pnmpj  mi  Btur 
mah's  principle. 

Ai  the  difference  of  beat  between  sunshine  and  sliadej  is, 
under  Bome  circumataaces,  sufficient  to  work  an  engine  of 
thu  kind,  a  Jumace  as  before  mentioned,  in  the  ordinary 
conception  of  that  term,  ia  not  required,  but  aoy  convenient 
means  of  communicating  a  alight  increase  of  temperature* 

Patent  Air  Engitu,  byR.andJ.  Stirling,  ofGlatgow.  18S7. 

Messrs.  Stirling's  machine  resembles  tbe  steam  engine 
in  tbe  construction  and  application  of  many  of  its  part^ 
such  as  the  cylinder  and  piston,  the  reciprocating  beam 
and  parallel  motion,  and  the  fly-wheel  and  crank,  as 
represented  in  Fig.  1.    Motion  ia  communicated  to  the 


piston  in  the  cylinder,  o,  by  alternately  heating  a  portion 
of  air  connected  with  one  side  of  the  piston,  and  at  the 
same  time  cooling  that  in  connexion  with  the  other.  And 
this  is  efiected  by  meana  of  the  air  vessela  a  a,  one  of 
which  communicates  with  the  upper  part,  and  the  other 
with  the  lower  part  of  the  cylinder,  through  the  noslea 
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m  m,  the  pipe  n  forming  (be  communicBtion  between  on« 
of  the  nosles  ttt,  and  the  -top  of  the  cylinder.  Fig.  2,  re- 
|)resent8  a  section  of  one  of  the  air  vessels,  whose  sides  are 
cylindrical,  and  top  and  bottom  spherical.  This  air  vessel, 
which  is  made  of  cast  iron,  and  supported  in  the  brick 
work  by  the  projecting  ledge  //,  is  furnished  with  a  plunger, 
c'C  c.  The  top  and  bottom  of  the  plunger  is  made  of  strong 
sheet  iron,  perforated  with  very  numerous  small  holes,  to 
admit  the  air.  The  interior  of  the  plunger  is  filled  with 
.very  thin  plates  of  sheet  iron,  so  bent  as  to  prevent  their 
flat  sides  from  coming  into  contact,  that  the  air  may  have 
^  free  passage  between  them.  These  are  also  perforated 
with  small  holes,  which  holes  are  placed  opposite  to  each 
other,  but  so  arranged  as  to  cause  the  air  to  pass,  through 
the  plunger  in  a  zig-zag  direction.'  The  patentees  state, 
(hat  the  interior  of  the  plunger  may  be  filled  up  with  pieces 
of  brick,  gravel,  or  other  granulated  substance,  instead  uf 
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Ibe  thin  sheei-irdn.  The  plunger  18  formed  circular,  to  fit 
the  top  and  bottom  of  the  air  vessel,  when  drawn  up  and 
down.  The  rim.  cc  of  the  plunger,  which  moves  in  a 
cylindrical  receptacle  at  the  circuraference  of  the  air  ves- 
sel, as  represented,  is  not  perforated  as  the  other  part.  It 
is  kept  steady  by  tl^e  spring  u  u,  consisting  of  a  belt  of 
thin  sheet-^iron,  attached  at  its  upper  edge  to  the  rim  cc; 
a  number  of  slits  are  made  from  tb^  lower  edge  of  the  belt, 
to^mit  of  its  being  bent  outwards,  to  rest  against  the  air 
Vessel,  and  act  as  a  spring*  The  plunger  is  also  kept 
steady  in  its  ascent  and  descent,  by  the  plunger-rod  dj  pass- 
ing through  the  stuffing-box  at  the  top  of  its  case,  and  the 
guide  rods  9  jr,  which  work  in  the  guide  cases  it,  figs,  1, 
and  2.  The  guides  are  .fixed  to  a  ring  h  &,  which  is  at- 
tached to  the  plunger,  and  the  plunger-rod,  by  the  arms//, 
four  in  number ;  they  are  supplied  with  oil,  by  an  oil  cup 
aiid  stop-cock  at  the  top  of  their  cases.  The  top  e  6  of 
the  air  vessel  is  flanged  down  in  the  manner  represented 
at  i,  with  a  thin  ring  of  sheet  lead  between  the  flanges,  to, 
keep  the  joining  air-tight. 

The  lower  part  of  the  air  vessels  is  heated  by  a  fire- 
place under  it,  and  its  upper  part  kept  cool  by  a  current 
of  cold  air,  by  water,  or  by  other  means. 

The  plunger-rods  of  the  air  vessels  a  a,  fig.  1,  are  at* 
iached  by  slings  to  the  ends  of  the  beam  v,  so  that  the  mo^ 
iion  which  elevates  one  plunger  in  one  of  the  vessels  de- 
presses that  in  the  other. 

When  the  plunger,  is  raised,  the  cold  air  in  the  upper 
part  of  the  air  vessel  will  be  heated  in  passing  through 
the  interstices  of  the  plunger  in  its  ascent,  which  has  itself 
been  heated  on  reaching  the  lower  or  hot  part  of  the  ves- 
sel,, and  during  this  time  the  air  in  the  other  vessel  will 
be  cooled,  by  passing  through  the  interstices  of  the  plunger 
in  its  descent,  which  has  itself  been  cooled  by  reaching  the 
upper  or  cold  part  of  the  vessel.  These  changes  of  tem- 
perature are  further  augmented,  by  portions  of  the  air 
being  alternately  changed  from  the  hot  to  the  cold,  and 
from  the  cold  to  the  hot  parts  of  the  vessels,  by  the  alter- 
nate occupation  of  the  hot  and  cold  parts  by  the  plunger. 


B.  AND  J.  STIRLIHG's  A1&  SMOIMB. 

NoW)  as  one^of  the  air  vessels  is  connected  with  the  top^ 
and  the  other  with  the  bottom  of  the  working  cylinder  o^ 
there  will  be  a  motion  produced  on  the  piston^  by  the  ai« 
ternate  application  of  the  expansive  force  of  heated  air, 
and  this  motion  is  commnnicated  to  the  beam  v^  through 
the  piston  rod  and  parallel  motion  q^  and  to  the  connect* 
ing  rod  at  the  other  end  of  the  beam,  and  the  crank  r^  to 
the  fly-wheel  $  «•  On  the  axis  of  the  fly*wheel  is  fixed  an 
eccentric  ly  which  communicates  motion  to  the  plungers  in 
the  air-vessels,  through  the  system  of  levers  1,  2, 3, 4,  and 
the  beam  v;  and  Uiis  motion  is  adjusted  so  that  the  change 
of  the  plun<;ers  shall  be  effected,  %vhenever  the  piston 
reaches  the  top  or  bottom  of  the  cylinder;  thus  applying 
to  that  end  of  the  cylinder  where  the  piston  is,  the  hoi 
air,  which,  by  its  increased  elasticity,  will  drive  the  piston 
to  the  other  eiul. 

The  diameter  of  tlie  uosles,  nt,  is  one-fifth  the  dia« 
meter  of  the  cylinder  o,  and  one-fifteenth  of  the  diameter 
of  the  air  vessel  a« 

This  engine  is  also  furnished  with  an  air-pump,  the  pis- 
ton rod  of  which  is  shewn  at  x,  for  condensing  air  into  the 
air  reservoir  w  w.  The  air  is  |>ermitted  to  pass  through 
self-acting  valves  into  the  ndsles  m  m,  and  thence  into 
the  cylinder  o,  or  the  air  vessels  a  a,  but  not  permitted  io 
iTeturn  from  these  vessels  or  the  cylinder  into  the  reser- 
voir, which  is  also  provided  with  a  safety-valve  for  the 
escape  of  superfluous  air,  when  more  is  pumped  in  than  is 
necessary  to  supply  the  air  vessels*  The  diameter  and 
length  of  the  stroke  of  the  air-pump  are  half  those  of  the 
cylinder,  but  this  appendage  is  not  required  to  be  kept 
Constantly  at  work. 

The  patentees  state,  in  their  specification,  that  any  of 
the  permanent  gases  may  be  employed,  instead  .of  atmos* 
pheric  air.  They  do  not  claim,  as  their  invention,  the  ap- 
plication of  these  bodies  to  produce  motion ;  but  merely 
the  foregoing  arrangement  of  machinery,  for  applying  the 
elastic  force  of  gaseous  bodies  to  the  production  of  motiOB 
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Patent  Air  Engine^  by  Messrs.  Parkinson  and  Crossley^  of 

the  City  Road^  London.  1828. 

Thb  invention  is  another  modification  of  machinery  for 
rendering  available  to  useful  purposes  the  elastic  force  of 
air,  in  the  construction  of  a  motive  engine.  We  have 
seen  two  models  of  these  air  engines  at  woric,  in  which 
two  distinct  arrangements  of  the  apparatus  are  introduced. 
The  operations  of  heating  and  cooling  the  air  are  per- 
formed so  rapidly  by  them,  as  to  cause  one  hundred  and 
fifty  strokes  of  the  piston  in  a  single  engine  to  be  made 
per  minute.  The  patentees  not  having  yet  completed 
their  experiments  on  the  large  scale^  we  shall  at  present 
confine  our  attention  to  the  specification  of  their  patent 
lately  enrolled,  from  which  we  make  the  following 
abridged  extracts. 

The  power  of  this  engine  is  derived  from  the  heating 
and  cooling  of  air,  in  an  air-tight  vessel,  which  the  paten- 
tees term  a  differential  vessel;  a  portion  of  this  vessel 
being  exposed  to  heat,  and  another  to  cold,  externally. 
Inside  the  differential  vessel  is  placed  another  of  a  similar 
figure,  called  a  transferrer ;  this  being  moved  from  the  hot 
to  the  cold  parts  of  the  differential  vessel,  and  from  the 
cold  to  the  hot,  alternately,  transfers  the  air,  and  subjects 
it  to  the  variations  of  temperature,  as  it  passes  along  the 
internal  surface  of  the  differential  vessel ;  and  thus,  by 
the  expansion  and  contraction  of  the  air,  produces  force 
for  giving  motion  to  machinery.  The  patentees  do  not 
claim  to  be  the  first  discoverers  of  obtaining  power  by  the 
alternate  contraction  and  expansion  of  the  air,  by  the 
processes  of  heating  and  cooling,  but  in  the  peculiarity  of 
their  method  of  effecting  it.  One  of  the  most  approved 
forms  for  this  purpose  we  shall  now  proceed  to  describe, 
with  reference  to  the  accompanying  drawings,  figs.  1  and  2, 
which  are  upon  a  scale  of  two-thirds  of  an  inch  to  the 
foot.  Fig.  1,  shows  a  front  elevation  of  so  much  of  an 
engine  as  is  necessary  to  explain  the  invention ;  fig.  3,  is 
an  end  elevation ;  and  fig.  3,  is  a  section  of  a  differential 
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(PIG.  I.) 


vessel  »hi  ita  tranaferrer,  exhibiting  also  a  mode  of  heat> 
ing  and  cooling  the  differential  ressel.  The  same  letters 
in  each  figure,  where  they  occur,  refer  to  the  same  parts. 
The  differential  vessel,  a  a,  is  of  the  form  of  a  hollow 
cylinder,  with  close  convex  ends,  of  such  a  length  as 
to  preserve  an  essential  difference  in  the  temperature  be- 
tween one  end  and  the  other,  and  nearly  one.  half  of  it 


rATBHT  AIR  BNGINB.  ^3 

(FIG.  2.) 


being  subject  to.a  hot,  aod  nearly  the  other  half  to  a  cold 
medium.  The  vessel  baa  a  BtufGog-box  at  the  end/,  and 
at  the  other  end  is  an  opening  of  pipe  I  Mf  or  In,  for  the 
purpose  of  forming  a  coromunicalioD  with  the  working 
cylinder  and  piston.  The  transferrer  b  b,  is  in  this  in- 
stance made  a  hoUow  vessel,  air-tight,  and  so  much 
shorter^  as  to  leave  a  sufficient  space  in  the  differential 
n.  4b 
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ressel  for  containing  a  volume  of  air,  which,  when  ex* 
panded  by  heat,  and  passing  through  the  pipe  /  m  or  /  n^ 
will  also  fill  the  working  cylinder,  and  force  the  piston 
from  one  end  of  it  to  the  other;  the  transferrer  is  also 
made,  only  so  much  less  in  diameter,  as  to  admit  of  its 
being  moved  freely  from  one  end  of  the  differential  vessel 
to  the  other.  To  one  end  of  the  transferrer  is  fixed  a 
rod  e,  passing  through  a  stuffing-box  /,  for  the  purpose 
of  moving  it  from  one  end  of  the  differential  vessel  to  the 
other,  thereby  causing  the  air  to  pass  in  a  thin  stratum 
against  its  hot  and  cold  parts,  alternately ;  thus  producing 
the  force  or  power  to  be  employed  against  the  working 
piston*  The  rod  9,  (fig.  3,)  which  is  fixed  on  the  upper 
part  of  the  differential  vessel,  is  intended  to  guide  the 
transferrer  in  its  proper  direction,  by  means  of  a  tube, 
which  is  inserted  in  the  upper  end  of  the  transferrer  for 
that  purpose,  the  lower  end  of  which  is  made  air*tight. 

A  differential  vessel,  constructed  on  this  plan,  may  be 
applied  to  the  purpose  of  working  a  single  engine,  acting 
only  on  one  side  of  the  working  piston,  after  the  manner 
of  the  well-known  steam  engines  called  single  or  atmo- 
spheric engines ;  but,  in  most  cases,  the  patentees  prefer 
the  use  of  their  differential  vessels,  as  pointed  out  in  the 
drawings  fig.  1  and  2,  directing  the  power  alternately  on 
.each  side  of  the  working  piston,  after  the  manner  of 
double  steam  engines.  Motion  is  given  to  the  transferrer 
by  means  of  the  eccentric  o,  in  the  shaft  p,  being  connected 
with  the  beam  r,  which  beam  is  connected  to  the  rods  €, 
of  the  transferrers,  by  the  links  s  s.  The  working  cylinder 
It,  with  its  piston,  side-rods,  cranks,  shaft,  and  fly-wheel 
and  eccentric  motion,  are  the  same  as  those  commonly 
used  in  steam  engines,  and  therefore  requirb  no  particular 
description*  The  pipe  I  in,  communicates  the  differential 
vessel.  No.  1,  with  the  top  of  the  cylinder;  and  the  pipe 
/n,  communicates  the  differential  vessel,  No.  2,  with  the 
bottom  of  the  cylinder ;  the  operation  of  the  engine  will 
be  as  follows :— Supposing  the  eccentric  disconnected  from 
the  beam  r,  and  the  upper  parts  of  the  differential  vessels 
heated,  and  their  lower  parts  cold,  and  the  transferrers  of 
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the  two  differential  vessels  placed  by  hand  in  the  situa- 
tions  shewn  in  the  drawing,  and  the  volume  of  air  occu- 
pying the  hot  part  of  the  differential  vessel  No.  2,  and 
being  increased  in  elasticity  in  proportion  to  its  tempera- 
ture, whilst  the  volume  of  air  in  the  differential  vessel 
No.  1,  is  occupying  the  coldest  part,  the  working  piston 
will  be  forced  upwards,  by  a  power  corresponding  with 
the  difference  of  elastic  force  of  the  air  in  the  two  diffe- 
rential vessels;  and  when  the  working  piston  has  been 
forced  to  the  top,  the  situation  of  the  transferrers  should 
be  reversed  by  hand,  so  that  the  air  in  the  differential 
vessel  No.  1,  will  occupy  the  hot  part,  and  communicate 
its  force  to  the  upper .  side  of  the  working  piston,  and 
thereby  produce  a  returning  stroke;  and  the  eccentric 
being  then  by  hand  re-connected  with  the  beams,  the  al- 
ternate expansion  and  contraction  of  the  air  in  the  two 
differential  vessels,  will  keep  the  engine  in  motion ;  and 
thus,  by  working  the  transferrers  the  same  way  as  the  valves 
in  steam  engines,  the  engine  may  be  either  put  in  motion 
or  stopped.  For  t(ie  purpose  of  heating  the  vessels,  the 
patentees  prefer  the  employment  of  inflammable  gas,  as 
it  may  be  easily  procured  in  all  the  principal  towns  in  the 
kingdom;  and  by  using  compressed  gas  in  portable 
vessels,  the  engine  will  be  better  adapted  to  locomotive 
purposes.  As  the  street  mains  during  the  day-time,  al- 
though charged,  are  generally  charged  at  so  light  a  pres- 
sure that  the  supply  would  be  inadequate,  the  machine 
commonly  called  a  gas-meter  may  be  employed  as  a  ro- 
tary pump  for  obtaining  a  supply,  by  connecting  with  its 
axis  a  train  of  wheel-work,  with  a  spring  or  weight,  to  be 
wound  up  after  the  manner  of  clocks  or  time-pieces, 
giving  to  the  meter  a  rotary  motion.  The  mechanism  of 
clocks  being  so  generally  understood,  it  is  unnecessary  to 
describe  it  here ;  it  should,  however,  be  observed,  as  the 
axis  of  the  meter  is  below  the  surface  of  the  water  in  the 
meter,  one  end  of  it  should  ^  always  project  through  a 
stuffing-box,  in  order  to  protect  the  mechanism  from  cor- 
rosion. The  instrument  called  a  gas^ovemor  should  be 
added  to  the  meter,  for  the  purpose  of  correcting  any  irre- 
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gularity  in  the  flow  of  the  fas.  The  patentees  do  not 
claim  by  this  patent  the  gas-meter  and  gai-gOvernor,  nor 
their  combination  with  clock-work,  but  titat  cott^ination 
of  the  gas-meter  with  clock-work,  or  with  the  gas-goTemor, 
for  the  obtaining  of  a  supply  of  gas  from  the  street 
mains,  which  is  made  up  by  them  with  pdrts  of  the  machi- 
nery of  their  engine,  subject  to  the  rights  of  the  patentee  of 
the  gas-meter  and  gas-governor.  The  use  of  gas  to  this  en- 
gine, and  the  application  of  the  means  described  for  obtain- 
ing a  supply,  enable  the  patentees  to  furnish  a  compact 
power  engine,  not  requiring  the  constant  attendance  of  a' 
fire-man,  and  adapted  to  situations  where  sufficient  spaco 
could  not  be  appropriated  for  an  engine  requiring  a 
boiler  and  coal-house,  and  where  the  smoke  of  such  en- 
gines might  be  deemed  a  nuisance. 
(FIG.  3.) 


A  mode  ofapplying  gas  for  heating  the  differential  ves* 
scl,  is  shewn  at  fig.S.     dd,ia  a  hollow  ring,  surrounding 
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the  differential  vessel,  and  communicating  witli  the  tube 
by  which  the  gas  is  supplied ;  this  ring  is  perforated,  for 
the  emission  of  jets  of  gas  to  flow,  when  ignited,  ali 
around,  and  against  the  differential  vessel,  or  nearly  so ; 
c  c,  is  an  iron  casing  for  directing  the  heat  to  the  differen- 
tial vessel,  iVhiph  casing  is  open  at  the  bottom,  for  the  ad« 
mission  of  air,  having  also  an  opening  at  top,  to  serve  as 
a  chimney  or  fl  ue ;  A,  i?  an  outer  covering  of  polished 
metal,  of  about  two  or  three  inches  more  in  diameter  than 
the  casing  c  c,  for  the  purpose  of  lessening  the  radiation 
of  the  heat.  The  working  cylinder  A,  may  be  kept  hot 
by  means  of  a  current  of  heated  air  being  conducted  to 
it  from  the  flues  of  the  differential  vessels;  the  arrange- 
ment for  which  being  so  easily  understood,  it  is  purposely 
omitted  in  the  drawings.  In  fig.  3,  t  f,  represent  the  dif- 
ferential vessel,  as  placed  in  a  cistern  of  cold  water,  with 
a  constant  current  running  in  at  the  bottom,  u,  against  the 
differential  vessel,  and  passing  off  at  the  top  v.  In  situa- 
tions where  a  sufficient  quantity  of  water  cannot  be  ob- 
tained for  procuring  the  desired  effect  in  this  way,  other 
well-known  means  of  cooling  vessels  may  be  resorted  to. 
To  increase  the  power  of  the  engine,  it  is  proposed  to  in- 
crease the  density  of  the  air,  by  a  common  forcing-pump 
worked  by  the  engines,  and  connected  with  the  differential 
vessels ;  and  as  some  leakage  of  air  may  be  anticipated  at 
the  high  pressures,  the  addition  of  the  pump  is  necessary, 
and  may  be  connected  with  the  differential  vessel  by  the 
tube  J.  This  pump  should  be  provided  with  any  of  the 
well-known  means  of  adapting  the  length  of  the  stroke  to 
the  loss  of  air  by  leakage.  In  starting  the  engine,  this  pump 
may  be  disengaged  from  the  engine,  and  worked  by  hand, 
for  charging  the  differential  vessels  with  ait  of  the  intended 
density.  A  safety-valve  should  be  connected  with  the 
differential  vessels,  and  adjusted  so  as  to  let  off  any  excess 
of  air  above  that  which  is  required*  The  speed  or  power 
of  the  engine  may  be  regulated  by  increasing  or  diminish- 
ing the  supply  of  gas,  or  other  source  of  heat,  by  connect- 
ing a  governor  similar  to  that  used  in  steam  engines,  with 
a  valve  or  stop-cock  in  the  pipe  supplying  the  gas,  or  with 
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a  datsper  in  a  fine,  or  with  ralves  placed  in  the  pipes  I  m 
and  /  n,  regalating  the  ingress  or  egress  of  the  rarified  air 
to  and  from  the  working  cylinder.  The  diSereotial  ves- 
sels and  transferrers  may  be  constructed  upon  the  same 
principle  in  Tarions  forms^  either  cylindrical,  cubical,  or 
spherical ;  and  tbey  may  be  placed  in  vertical,  inclined,  or 
horizontal  positions.  The  patentees  mention  several  mo- 
difications in  their  specification,  which  it  is  unnececrary 
here  to  describe.  The  deviations  in  the  shape  will  of 
course  require  different  methods  of  applying  the  heat. 
The  patentees  do  not  confine  themselves  to  the  use  of  gas 
only,  as  the  source  of  heat;  in  some  cases,  even  steam  maybe 
adopted  as  a  medium  of  communicating  caloric;  but  a  pre- 
ference is  given  to  the  apparatus  particularly  described 
and  delineated  in  the  engravings." 

Deaignfar  an  Air  EtufhU)  by  Dr.  Amott,  1829. 
The  following  sketch  of  an  engine,  for  obtainin^g  the  ad- 
vantage of  alt  the  expansive  force  of  heated  air,  as  well 
as  the  force  arising  from  the  semi-explosions  of  the  infiam- 
mable  gas  evolved  from  the  fuel,  is  extracted  from  Dr. 
Arnott's  Elements  of  Physics,  vol.  ii,  part  1,  treating  of 
light  and  heat,  lately  pablished. 
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<^If/'  says  the  designer  of  this  ingenious  apparatus, 
«  we  suppose  a  fire,  a,  to  be  placed  in  a  grate,  near  the 
bottom  of  a  close  cylinder  d  a,  and  the  cylinder  to  be  full 
of  fresh  air  recently  admitted ;  and  if  we  then  suppose  the 
loose  piston,  gd^  to  be  pulled  upwards,  it  is  evident  that 
all  the  air  in  the  cylinder  above  the  piston  will  be  made 
to  pass  by  the  tube  Cy  through  the  fire,  and  will  receive 
an  increased  elasticity,  tending  to  the  expansion  or  in- 
crease of  volume  which  the  fire  is  capable  of  giving  it. 
If  there  were  only  the  single  vessel  d  a,  the  expansion 
might  be  so  strong  as  to  burst  it;  but  if  another  vessel, 
b  c,  of  equal  size,  were  provided,  communicating  with  the 
first  through  the  passage  6,  and  containing  a  close-fitting 
piston  cfy  like  that  of  a  steam  engine,  the  expansion  of 
the  air  would  act  to  lift  the  said  piston,  and  by  means  of 
it  work  water-pumps,  or  do  any  other  service  which  a 
steam-engine  can  perform.  At  the  end  of  the  lifting 
stroke  of  the  piston  /c,  it  might  be  made  to  open  an 
escape-valve  for  the  hot  air,  placed  in  any  convenient  part 
of  the  apparatus,  and  to  cause  the  descent  of  the  blowing 
piston,  d,  to  expel  this,  while  a  new  supply  of  air  would 
enter  by  another  valve  into  the  cylinder  above  d.  The 
engine  would  then  be  ready  to  repeat  its  stroke  as  before, 
and  the  working  would  be  continuowy  as  in  a  steam 
engine.** 
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SECTION    VII. 

STBAH  ENOINB8. 


Undbr  this  head  we  include  descriptions  of  a  variety  of 
steam  engines,  some  of  which  are  of  a  standard  constrne- 
tion,andare,underTarious8lightmodiGcatloB8,extoiBiTeIy 
used.  A  second  portion  consists  of  such  as  might  hare 
been  included  in  Mr.  Galloway's  work,  on  account  of 
their  curious  constrnctioD  or  instrin'aic  merit ;  and  the 
third,  embraces  several  novel  inventionB,  that  have  be- 
come  the  subject  of  patent  right,  since  the  concludon  of 
the  preceding  history.  They  are  arranged  merely  in  the 
order  of  their  dates. 


^American  Steam  Wheel.  1808.) 
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Tbe  above  cut  represents,  in  section,  the  construction  of 
a  steam-wheel,  invented  many  years  ago  in  America  ;  it 
derives  its  power  from  the  tendency  of  light  fluids  to  as* 
cend,  when  immersed  in  those  of  greater  specific  gravity. 

Fig.  I,  exhibits  a  wheel  divided  into  cells,  and  placed 
under  heated  miercury ;  or  that  mixture  of  eight  parts 
bismuth,  five  lead,  and  thrje  tin,  which  is  fluid  at  the 
temperature  of  two  hundredynd  twelve  degrees,  or,  where 
waste  of  fuel  and  loss  of  speed  are  no  great  objects,  placed 
under  boiling  water.  Eafch  of  these  cells  is  connected, 
by  any  appropriate  means,  with  a  steam  pipe,  so  that  each 
receives  the  steam,  when  at  the  bottom ;  the  floating 
power  then  brings  the  other  cells  in  succession  to  be  filled 
with  steam,  and  tbe  wheel  is  then  put  into  full  action. 
Where  the  expansive  force  only  is  used,  the  steam  escapes 
from  the  top  of  the  trough  ;  but  if  this  be  connected  with 
a  condenser  and  air-pumps  as  usual,  the  full  power  will  be 
obtained  from  the  metallic  fluids.  Each  cubic  foot  of 
steam,  in  water,  will  give  about  sixty  pounds  of  power; 
in  the  metallic  mixture  about  six  hundred  pounds ;  and 
the  velocity  with  which  this  supply  can  be  afforded,  and 
the  height  it  can  rise,  will  give  the-remaining  elements  for 
calculating  the  power  of  the  engine  As  the  steam  will 
expand  as  it  rises  up  in  the  buckets,  no  more  should  be 
allowed  to  enter,  than  will  fill  them,  when  at  the  top  <of 
the  wheel*  The  metallic  mixture  is  subject  to  oxidation 
by  the  hot  water,  in  some  degree ;  but  it  may  be  easily 
restored  again,  by  melting  the  oxide  under  tallow. 

When  water  only  is  used,  the  whole  machine  may  be 
made  of  wood,  in  the  form  of  a  common  bucket  water- 
wheel  ;  a  steam  pipe  is  introduced  through  the  bottom  of 
the  trough,  just  under  the  side  of  the  wheel  where  tbe 
buckets  are  inverted,  when  they  become  filled  with  steam 
in  succession,  and  thus  a  stream  of  steam  effects  as  much, 
bulk  for  bulk,  as  a  stream  of  water. 

Fig.  2.  is  a  plan  for  admitting  the  steam  into  the  pipes 

leading  to  the  cells »  6  is  a  hollow  axis,  communicating 

with  the  steam  pipe ;  a  is  one  of  the  eight  hollow  arms 

through  which  the  steam  passes  to  the  cells,    c  is  a  stuf- 

29.  4  b 
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fing  box,  and  d  an  adjuating  plate,  witb  elastic  packing. 
The  steam  tabes  are  of  course  covered  op  by  circular 
plates,  on  each  side  of  the  wheel,  to  obviate  the  resistance 
( through  the  fluid.* 


Uoyd'a  Portable  Steam  Engine.  1820. 

The  following  engraving  represents  a  very  compact  and 

effective  engine,  of  eight-horse  power,  which   has  been 

employed  in  many  of  the  public  works  about  London,  and 

recentiy  in  draining  at  the  Elaat  London  Water  works. 

FiffX  FiffZ. 


Fig.  1,  is  a  side  elevation,  and  fig.  3.  an  end  elevatiofi ; 
the  letters  of  reference  apply  to  the  same  parts  in  each 
figure. 

*  HecbaDJc'i  MagaziDC,  vol  iv.  p.  137. 
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aOyne  tlie  coDoecttng  rods;  6  the  pump-rod;  c  cold 
water  pump-rod ;  d  hot  water  puiDp-rf»d ;  « throttle  ralre ; 
//indacti<m  and  eduction  raWei;  g  piston  rod;  h  fly- 
wheel ;  i  crank ;  I  eccentric,  on  tbe  wheel  to  which  the 
pump  rods  are  attached  when  the  engine  a  employed  in 
draining ;  the  dotted  lines  shew  the  parallel  motion  at  tbe 
middle  and  bottom  of  the  stroke  ;  the  arrangement  of  tbe 
levers  ia  judicious,  ,and  possesses  considerable  novelty. 

Portable  Higk-Presaitn  Engine,  by  Alex.  Christie  and  Co. 

Sh^ld.  1824. 

The  prettDt  engine  we  have  selected  as  a  good  example 

of  an  eSectirtand  compact  high-pressure  engine,  and  as 

(FIG.  1.) 
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combining  nothing  in  its  arrangements,  but  what  expe- 
rience has  found  to  be  useful.  Improved  modifications  will 
without  doubt  be  made,  but  they  will  for  the  most  part 
require  to  be  tried  by  long-continued  use,  before  they  can 
be  establuhed  as  improvements.  This  engine  is  one  of 
great  simplicity,  and  is  manufactured  by  persons  of  skill 
and  experience  in  the  construction.  The  drawings  are 
taken  from,  and  represent,  an  engine  in  Mr.  Burdekin  a 
anvil  manufiictory,  at  Sheffield.  It  is  on  a  portable  plan, 
and  is  calculated  at  only  two-horse  power,  though  it  per- 
forms a  greater  quantity  of  work  than  that  estimate  de- 
notes. It  is  employed  in  working  three  pair  of  large  bel- 
lows, and  in  turning  an  enormous  grindstone^  used  fm 
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(FIG.  3.) 


grinding  the  faces  of  anvils.  The  cylinder  is  seven  inches 
in  diameter.  The  engine  is  worked  sixty-six  hours  per 
week,  aAd  consumes  one  ton  of  small  coal  or  culm,  (value 
on  the  spot  5e.  4d.)  and  one  thousand  two  hundred  gallons 
of  water  in  that  time. 

B^erettce  to  ^igravings. — Fig.  1,  represents  a  side  ele- 
vation of  the  engine.  Pig.  S,  a  front  elevation ;  and  fig. 
3,  a  view  of  the  boiler  and  furnace. 

a  is  the  furnace  door,  b  the  furnace ;  c  the  ash-pit ;  d  the 
boiler  ;  e  the  stone  float,  (shown  by  dotted  lines)  for  re- 
gulating the  supply  of  water  to  the  boiler ;  g  a  eoonter- 
balahce  to  the  float; /a  flue,  which  returns  the  flame 
and  heated  air  through  the  boiler ;  h  the  steam  pipe,  in 
which  is  the  throttle  valve  t ;  j  the  side  pipe,  in  which 
work  the  slide  valves  k  k,  moved  by  the  rod  I,  attached  to 
the  eccentric  m,  in  the  shaft  of  the  fly-wheel  n.  ooo  are 
brass  stuffing  boxes ;  p  the  upper  steam  entrance  to  the 
cylinder;  qria  the  piston  rod,  working  tbrough  the  bridge 
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9y  and  communicating  with  the  crank  t^  by  the  side  rods 
u  u,  forming  a  very  simple  parallel  motion ;  v  v  pedestab, 
supporting  the  main  shaft,  the  revolution  of  which  gives 
motion  to  a  pair  of  bevel  wheels,  and  thereby  to  the  gover« 
nor  Wy  the  expanding  or  collapsing  of  the  arms  of  which, 
raises  or  depresses  the  collar  z,  and  acts  on  the  valve  i, 
through  the  medium  of  the  lever  1,  and  handle  2 ;  4  is  the 
pump  for  supplying  the  boiler,  through  a  feed  pipe  (not 
shown),  worked  by  the  rod  5,  and  eccentric  6 ;  7  7  are  the 
metal  cheeks  of  the  frame.  8  is  a  metal  foundation  plate, 
under  which  is  a  small  cistern  (not  shown),  containing  a 
day's  consumption  of  water  for  the  boiler.  At  the  bottom 
of  the  side  pipe,  b  an  eduction  pipe  (not  shown),  from 
which  the  steam  is  discharged  into  the  cistern,  to  heat  the 
water  for  supplying  the  boiler,  after  the  steam  has  per- 
formed its  office  in  the  cylinder.  The  periphery  of  the 
fly-wheel  is  round  in  its  transverse  section,  and  of  cast-iron ; 
the  arms  or  radii  are  of  wrought-iron,  and  are  inserted 
into  the  former  while  casting.  From  the  foregoing,  it 
will  be  needless  to  describe  the  operation  of  the  engine. 

Improvement  an  the  Hi§h^Pre8mre  Engine^  by  Mr.  /.  Pat^ 
tUon^qfEkwick  Colliery  J  Newcastle-upon-Tyne.  1884. 

In  the  abovementioned  year,  Mr.  John  Pattison  intro- 
duced a  method  of  applying,  to  the  high-pressure  engine, 
the  plan  of  condensation  used  in  the  old  atmospheric  en- 
gine, but  performed  in  a  vessel  distinct  from  the  cylinder; 
the  experiment  was  made  upon  the  pumping  engine  of 
the  Ekwick  Colliery,  and  proved  eminently  successfol ;  a 
considerable  saving  in  fuel  being  eflected,  and  the  pres- 
sure upon  the  boiler  being  greatly  reduced. 

Mr.  Pattison  had  been  extensively  employed  'in  the 
erection  and  management  of  steam  engines,  as  they  are 
used  by  the  coal  trade  in  the  neighbourhood  of  Newcas- 
tle, where  the  Trevithick,  or  high-pressure  engine,  had 
been  introduced  at  several  of  the  collieries,  for  the  pur- 
poses of  pumping  water  and  drawing  coals.  Some  of  those 
engines  so  applied,  had  been  under  his  management  for 
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some  lime,  diirinff  which  it  rre<}uently  occurred  to  hiin 
that,  inatead  of  discharging  the  steam  into  the  atrao-* 
phere>  a  considerable  increase  of  power  might  he  gained, 
by  opening  the  discharging  valves  into  a  close  vessel,  and 
throwing  in  at  the  same  time  a  jet  of  cold  water,  so  as  to 
produce,  to  a  certain  extent,  a  vacuum,  which,  of  course, 
would  so  far  assist  the  alternate  sides  of  the  piston,  and  - 
be  a  proportionate  real  increase  of  power.  The  difficulty 
of  getting  quit  of  the  air  generated  by  condensation, 
without  the  use  of  an  air-pump,  presented  itself  to  bis 
mind ;  but  some  experiments  which  he  made  on  what  is 
termed  high-pressure  steam^  together  with  his  obserta- 
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lions  of  the  way  in  which  the  common  atmospheric  engine 
clears  the  cylinder  of  air,  'confirmed  him  that  the  idea  was 
practicable,  and,  to  a  certain  extent,  beneficial.  With 
this  opinion,  he  mentioned  the  subject  to  his  employer, 
Mr.  Buddie,  who  thought  it  was  at  least  worth  trying; 
and  with  his  usual  liberality,  and  that  constant  encou- 
ragement which  he  always  afforded  to  the  improvement 
of  science,  requested  him  to  make  an  experiment  to  deter- 
mine its  real  merit,  on  the  pumping  engine  at  Elswick 
Colliery.  The  cylinder  of  this  engine  is  thirty-one  inches 
and  a  half  in  diameter,  the  piston  making  seven  eight-feet 
strokes  per  minute,  and  delivering,  at  each  stroke,  sixty- 
four  gallons,  from  a  depth  of  fifty-five  fathoms.  Previously 
to  making  this  experiment,  the  safety-valves  on  the  boiler 
were  loaded  at  S4.7  pounds  per  inch,  and  the  boiler  con- 
suming sixty-nine  hundred  weight  of  coals  in  eight  hours 
and  a  half.  Mr.  Pattison,  after  having  completed  and  set  to 
work  the  condenser,  and  attached  a  pump  from  the  hot 
well,  to  feed  the  boiler  (the  engine  going  at  the  same 
rate,  and  performing  the  like  quantity  of  work  in  the 
same  time),  the  pressure  on  the  boiler  was  reduced  to 
twenty-seven  pounds  per  inch,  and  the  consumption  of 
coals  to  forty-one  and  a  half  hundred  weight,  in  the  eight 
hours  and  a  half.  Nothing  could  be  more  satisfactory 
than  this  result,  and,  to  prove  the  nature  and  extent  of 
the  vacuum,  he  attached  a  mercurial  barometer  to  the 
condenser,  and  found  it  sustained  a  column  of  mercui*y, 
upon  an  average,  of  fourteen  inches  in  altitude,  its  greatC9t 
height  being  about  twenty-two  inches. 

Since  carrying  this  into  effect,  Mr.  Pattison  says  he  has 
attached  a  double  condenser  to  a  machine  for  drawing 
coals,  which  brings  to  bank  five  score  carves  or  baskets  in 
an  hour,  from  a  depth  of  sixty-six  fathoms,  drawing  two  at 
a  time.  The  result  of  this  is  equally  satisfactory  with  the* 
other,  in  having  fully  as  much  lessened  the  pressure  per 
inch  on  the  boilers,  and  considerably  diminished  the  con-* 
sumption  of  coals. 

The  prefixed  drawing  exhibits  a  single  condenser, 
attached  to  a  pumping  engine. 
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Lake  Mr.  Watt's  condenser,  this  one  requires  blowing 
through,  previously  to  starting;  but,  in  order  to  produce 
here  the  maximum  effect,  the  injection  must  be  so  regu- 
lated as  not  to  cool  the  condenser  below  the  temperature 
at  which  the  shifting-yalve  will  be  lifted,  once  every  dou- 
ble stroke.  In  the  pumping-engine  above-mentioned,  the 
quantity  of  cold  water  used  for  condensing  each  alternate 
stroke,  is  2.76  gallons,  from  a  jack-head  cistern,  twenty- 
two  feet  above  the  condenser.  The  upper  discharging- 
valve,  and  the  one  for  the  injection,  are  both  lifted  at  the 
same  time;  but  the  bottom  discharging- valve  is  opened 
into  the  condenser,  a  little  before  the  injection,  which  ot 
course  lifts  the  shifting-valve,  expelling  the  air  previously 
contained,  at  the  same  instant  the  injection  is  thrown  in, 
when  a  vacuum  is  produced  of  not  less  than  twenty- two 
inches  of  mercury. 

It  will  easily  be  seen  that  the  injection  water,  together 
with  the  condensed  steam,  pass  down  the  sink  pipe,  and 
are  discharged  at  the  foot-valve  at  the  same  time  the  air 
is  expelled.  This  valve  is  kept  in  its  seat  by  a  weight 
and  lever,.which  are  nearly  equipoised,  and  which  readily 
admit  the  discharge  of  the  water  into  the  hot-well. 

Mr.  Pattison  observes,  that  it  may  be  objected  by  some, 
that  the  vacuum  is  not  constant  and  uniform;  this,  indeed, 
must  necessarily  be  the  case,  from  the  manner  in  which 
the  air  is  expelled  from  the  condenser ;  but,  as  far  as  re- 
gards its  action  on  the  engine,  it  is  not  productive  of  the 
least  irregularity,  but,  on  the  contrary,  is  a  real  and  per- 
manent increase  of  power,  on  the  lowest  estimation,  of 
seven  pounds  per  inch,  and  that,  too,  without  the  draw- 
back of  any  additional  machinery,  beyond  raising  ^the  in« 
jection  water  and  lifting  the  valve. 

Patent  Steam  Engines^  by  W.  Wigston^  of  Derby.  1824. 

Two  cylinders  are  about  half  filled  with  fluid  metal,  in 
which  float  two  heavy  cylindrical  plungers,  that  are  of 
rather  less  specific  gravity  than  the  fluid  metal.  Steam 
is  made  to  operate  alternately  on  the  fluid  metal  in  the 
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cylindefs,  nkiBK  one  of  tfaa  pluagcts,  and  aUowing  tbit 
other  to  deaceod  simply  by  the  force  of  its  own  weight ; 
cooaequently,  th*  power  of  the  engine  is  eqael  to  the 
weight  of  one  of  the  plungers  added  to  the  difference  of 
specific  gravity  between  the  other  plunger  and  the  fluid 
metal  in  which  it  is  imneraed.  The  following  descriptwa 
is  extracted  froqa  the  specification  of  the  patent. 

Fig.  I,  upon  the  awiexed  cut,  represents  a  section  of 
the  engine,  taken  through  the  middle,  to  explain  its  ■■• 
teraal  construction.     Fig.  3,  is  a  horizontal  plan  of  the 
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eiiK^iney  supposing  the  covers  of  the  various  cyliaders  and 
leavers  to  be  removedstto  facilitate  the  explanation.  This 
eilgine  is  famished  with  two  separate  weights  or  plungers, 
which  are  adapted  to  be  moved  dp  and  down,  similat  to 
the  alternating  motion  of  a  double-acting  steam  engine. 

a  and  6^  fig.  1^  represent  two  cylinders,  or  cases  of  cast- 
irod,  which  comtaiiinicate  freely  with  each  other  at  their 
l«wer  extremities^  in  the  manner  of  an  inverted  syphon ; 
the  upper  extremilies  of  these  cylinders  baVe  flanges,  which 
are  bolted  to  the  under  side  of  a  nosle-piece^  c  d,  by  which 
means  the  upper  ends  of  the  two  cylinders  fire  securely 
united  together.  The  nosle-piece  c  d,  has  cavities  or 
passages  formed  in  it,  for  the  admission  and  exit  of  steam 
to  and  from  the  tylinders;  these  passages  form  a  right 
angle  in  the  nosle-piece^  and  terminate  in  oblong  slits  or 
openings  in  the  upper  surface  thereof,  as  represented  by 
the  dark  spaces  in-thei.plan  fig.  2,  where  the  opening 
marked  1,  is  shown  by  tke  dotted  lines  to  communicate 
with  the  upper  part  of  the  cylinder  6;  while  the  opening 
marked  2  is  shewn  by  the  dotted  lines  2,  as  communica* 
ting  with  the  upper  part  of  the  cylinder  a;  at  the  same 
ti«e^  the  centre  or  middle  opening  marked  8,  passes  down- 
ward through  the  nosle-piece  c  d,  and  communicates,  by 
the  pipe  e,  directly  with  the  atmosphere,  when  the  engine 
is  intended  to  be  worked  with  high  pressure;  otherwise 
the  pipe  6,  may  serve  as  an  eduction  pipe  td  communicate 
with  the  condensing  apparatus,  such  as  is  generally  em- 
ployed in  steam  engines.  The  openings  1,  2,  3,  are  co- 
vered by  a  sliding-valve  5,  worked  by  a  rack  and  sector, 
the  spindle  of  the  letter  passing  through  the  side  of  the 
steam-box/,  of  sufficient  dimensions  tb  admit  of  the  slid- 
ing motion  within  it.  The  steam-box/,  which  is  bolted 
to  the  nosle-piece,  is  furnished  with  a  lid,  secured  by 
screw  holts,  for  the  convenience  oT  gaining  access  to  the 
sltding-valve  and  apparatus  contained  in  the  interior  of 
the  box.  g  represents  the  steam  pipe,  which  conveys  the 
steam  from  the  boiler;  h  and  t  represent  two  metallic 
weights  or  plungers,  which  are  of  such  dimensions  as  to 
leave  about  half  an^  inch  space  entirely  round  within  the 
cylinders  a  and  b ;  but  the  rings,  or  hoops  represented  in 
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the  plungers,  fit  the  interior  of  the  cylinder  so  exactly,  as 
merely  to  allow  of*  their  sliding  easily  up  and  down;  the 
plungers  have  rods  k  ly  fixed-to  them,  which  pass  through 
stuffing-boxes  m  n.  The  operation  of  the  engine  is  as 
follows : — 

Suppose  the  plungers  h  and  t  to  be  at  rest,  and  upon  a 
level  with  each  other  in  the  cylinders;  then  snppose  the 
curved  part  that  connects  the  two  eylinders,  as  well  as 
the  spaces  round  the  plungers,  to  be  filled  to  about  the 
level  of  the  dotted  line  o  p,  with  any  fit  or  ponderous 
metal,  which  is  kept  in  a  fluid  state  by  the  application  of 
heat  from  a  small  furnace,  in  this  situation,  we  will  sup- 
pose the  steam-box  /,  to  be  supplied  with  steam,  from 
the  boiler,  and  the  sliding-valve  5,  to  be  in  such  a  posi- 
tion that  it  would  admit  the  steam  to  flow  freely  through 
the  passage  2,  before  mentioned,  into  the  upper  part  of  the 
cylinder  a ;  at  the  same  time  the  sliding- valve6,  would  estab- 
lish a  communication,  through  the  passage  1,  before  men- 
tioned, between  the  upper  part  of  the  cylinder  fr,  and  the 
eduction  pipe  e ;  in  this  situation  the  steam  would  descend 
by  the  sides  of  the  plunger  A,  and  would  operate  upon 
the  surface  of  the  fluid  metal,  to  depress  it  in  the  cylinder 
a,  and  thereby  cause  a  corresponding  rise  of  the  fluid  me- 
tal in  the  cylinder  6,  which  would  pass  round  the  plunger 
t,  and  destroy  the  equilibrium,  by  leaving  the  plunger  A, 
unsupported  by  the  fluid  metal;  and,  at  the  same  time,  it 
would  float  or  buoy  up  the  plunger  t,  in  a  certain  degree* 
Thus  the  plunger  A,  would  be  caused  to  descend  with  a 
force  equal  to  its  own  gravity,  and  the  plunger  t,  would 
be  caused  to  ascend  in  the  cylinder  A,  with  a  power  equal 
to  the  diflerence  of  specific  gravity  which  might  exist  be- 
tween the  plunger  and  the  fluid  metal,  until  they  assumed 
the  position  shewn  in  fig.  1,  at  which  instant  the  sliding- 
valve  would  be  moved  by  its  connexion  with  the  engine 
in  the  usual  manner,  so  as  to  reverse  the  order  of  commu* 
nication  between  the  steam  passages,  and  thus  admit  the 
steam  to  flow  from  the  steam-box  f,  into  the  upper  part 
of  the  cylinder  b;  and  at  the  same  time  to  establish  a 
communication  between  the  upper  part  of  the  cylinder  a, 
and  the  eduction  pipe  e;  in  this  state,  the  steam  would 
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esert  its  elastic  force  upon  the  surface  of  therftuid  metal 
in  the  ey-liaderi,  and  cause  it  to  descend  and  ri9e  in  the 
cylinder  a»  Iwying  the  plunger  t,  unsupported,  and  bury- 
ing up  the  plt'iiflger  h ;  by  which  means  the .  plunger  i, 
would  desbend  by  its  own  gravity,  at  the  same  time  that 
the  plunger  A,  would  ascend,  the  steam  escaping  from  the 
upper  part  of  the  cylinder  a,  through  the  eduction  pipe  e ; 
thus  a  continued  action  may  be  kept  up,  by  the  alterpate 
ascent  and  descent  of  the  two  plungers,  which,  by  the  rods 
k  and  /  being  connected,  either  by  racks  upon  the  said 
rods  working  into  the  opposite  sides  of  the  periphery  of  a 
toothed  wheel,  as  shewn  by  the  dotted  circle  g,  in  fig.  I, 
or  by  the  rods  k  and  /  being  attached  to  separate  working 
beams,  furnished  with  connecting  rods  and  cranks,  in  the 
manner  practised  in  other  steam  engines. 

Note. — If  the  eduction  pipe  6,  was  connected  i^ith  the 
usual  condensing  apparatus,  the  engine  would  be  capable 
of  performii^  its  work  with  steam  of  a  less  degree  of  pres- 
sure, since  the  atmospheric  pressure  would  alwayi  be  re- 
moved from  the  surface  of  the  fluid  metal  in  that  cylinder 
in  which  it  was  rising. 

Fig.  8,  represents  an  engine  adapted  to  operate  with 
one  plunger  only,  producing  the  effect  of  a  single-acting 
iteam  engine,  such  as  are  in  general  use  for  pumping  or 
raising  water,  a  a  is  the  internal  cylinder,  which  is  formed 
with  a  close  hemispherical  bottom  at  c,  and  is  cast  or 
otherwise  securely  connected  with  the  interior  cylinder 
b  b*  The  interior  cylinder  is  formed  open  at  bottom,  so 
as  to  communicate  freely  with  the  annular  space  c  c,  which 
is  left  between  the  two  cylinders;  this  space  ought  to  be 
equal  in  area  to  that  of  the  cylinder  bb.  h  represents  the 
plunger,  of  such  dimensions  as  to  move  easily  up  and 
down  within  the  interior  cylinder,  as  described  in  the 
former  engine;  ^,  the  plunger  rod,  sliding  through  a 
stuffing-box  m.  /,  the  steam  box,  containing  the  sliding- 
valve  5,  for  distributing  the  steam,  worked  by  a  rack  and 
sector^  9,  the  steam  pipe,  proceeding  from  the  boiler  (o 
the  steam  box/.  The  passages  for  the  steam  are  shewn 
by  (he  dark  parallelograms  in  the  plan  fig.  4,  where  the 


opening  nmriced  1,  is  represented  by  the  dotted  puingia  i^ 
as  communtcating  with  the  upper'  part  of  the  interior  eyw 
linder  6  6,  and  the  opening  marked  9,  commiiniteles  with 
the  annular  space  t  e,  between  the  two  cylinders  before- 
mentioned  ;  this  passage  is  seen  more  distinotly  in  fig.  3, 
as  also  the  centre  passage  3,  which  communicates  directly 
with  the  exit  pipe  «,  and  condensing  apparatus*  When 
such  is  employed,  the  operation  of  this  engine  would  be 
as  follows  I — 

Suppose  the  plunger  A,  to  b^  in  the  position  represented 
by  fig.  3,  and  the  lower  part  of  the  cylinder  to  be  ocou^ 
pied  by  the  fluid  metal ;  the  sliding- valve  6^  being  in  sueb 
a  position  that  the  steam  Would  float  freely  through  the 
passage  2,  iu to  the  annula^'^ space  ee;  at  the  same  time 
that  the  upper  part  of  the  IHt^ior  cylinder  6  bj  hiad  a  iVee 
communication  with  the  condensing  apparatiis,  throl^^^h 
the  eduction  pipe  e;  in  this  situation^  the  elastic  force  df 
the  steam  would  operate  to  depress  the  surflice  of  the 
fluid  metal  in  the  annular  space  e  e;  at  the  same  time  the 
atmospheric  pressure  being  removed  fifom  the  Mrfaee  of 
the  fluid  metal  within  the  interior  ciylinder  b  bj  it  would 
be  ciaiused  to  descend  in  the  annular  space  e  e,  and  conse- 
quently to  rise  within  the  cylinder,  until  the  weight  of 
the  column  of  fluid  metal  became  superior  to  the  weight 
of  the  plunger  ft ;  in  which  case  the  pi  linger,  with  its  rod 
ir,  would  move  upwards,  Mud  carry  one  extromity  of  the 
working  beam  of  the  engine  along  with  it,  so  as  to  pre* 
pare  the  pump,  which  is  supposed  i6  be  at  the  opposite 
end  of  the  beam,  for  making  an  effective  stroke.  As  soon 
as  the  plunger  ft,  arrives  at  the  top  of  the  cylinder,  the 
motion  of  the  sliding-valve  changes  the  dh*eetion  of  the 
steam  passages,  causing  the  steam  to  enter  the  upper  part 
of  the  cylinder  b  6,  at  the  same  time  k  c<6mmiaiication  is 
opened  between  the  annular  space  e  e,  and  the  condensing 
apparatus,  in  which  sitihition  the  steam  would  press  upon 
the  surface  of  the  fliiid  metal  in  tile  cylinder  6  A;  at  the 
same  time,  the  atmospheric  pressure  being  removed  from 
the  surface  of  the  ifoid  metal  in  fhe  annular  space  e  e,  the 
fluid  metal  would  be  caused  to  tocend  in  the  cylinder  6  b. 
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and*  the  within  the  said-  ftmittiar  spaee^  thereby  leaving; 
the  plunger  A,  unaopfwrted,  which  would  then  AceeeMd 
by  its  owngruvity,  and  carry  the  end  of  the  working  beam 
along  with  it,  so  as  to  produce  an  effective  stroke  of  the 
pump,  and  be  capable  of  raising  a  column  of  watr  r,  equal 
in  weight  (upon  the  pump  bucket)  to  the  plunger.  Thus 
a  reciprocating  action  of  the  plunger  may  be  kept  up  at 
long  as  a  supply  of  steam  is  .furnished  from  the  boilen 
The  most  advantageous  method  of  keeping  the  metal  in  a 
fluid  state  is,  by  Carrying  a  flue  round  the  lower  part  of 
the  cylinders  containing  the  metal,  this  flue  being  a  con- 
tinuation of  the  engine-boiler  floe,  by  which  means  any 
degree  of  heat  that  might  pass  off  from  the  boiler  flue  is 
advantageously  employed* 

It  will  be  observed,  that  there  is  almost  a  total  absence 
of  friction  in  the  cylinders  of  this  engine,  which  will,  pro- 
bably, render  it  Serviceable  as  an  engine  of  small  power 
for  raising  water. 

Patent  Sieam  Bmfme^  by  the' Rev.  Moue  leaacs^  of  Bcuude* 

ditcky  London^  1824. 

This  invention  consists  in  a  mode  of  working  a  steam- 
boat engine  by  means  of  three  boilers,  in  such  a  manner 
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that  the  steam,  after  operating  in  the  engine,  is  retnmedl 
ancondensed  into  the  boilers,  and  is  thus  worked  con- 
tinually over  again.  This  ingenious  arrangement  is  thus 
described  in  the  specification* 

*^abc  are  three  boilers,  b  being  placed  upon  ac;  d is  a 
beam,  made  in  the  form  of  a  scale  beam,  efwre  the  piston 
rods  (made  hollow)  with  rollers  at  the  top,  working  in  the 
gutter  or  groove  r  r ;  near  the  ends  of  the  beam  d^  con- 
necting rods,  B  «,  are  suspended  to  the  same  beam,  which 
give  motion  to  the  machinery ;  y  z  are  two  cylinders,  p  p 
are  feeding  pipes,  passing  from  the  boilers  a  b  into  the 
cylinder  y ;  and  q  q  are  also  feeding  pipes,  passing  from 
the  boilers  c  b  into  the  cylinder  z*  This  method  of  con- 
ducting steam  is  applicable  to  large  vessels  on  water,  or 
to  engines  on  land ;  but  for  small  vessels  it  is  advisable  to 
conduct  the  steam  through  pipes  from  b  c,  into  cylinder  y, 
and  from  a  b  into  cylinder  jp;  otherwise,  the  sudden  forcing 
of  the  steam  from  the  boilers  a  6,  would  cause  a  small 
vessel  to  rock,  f  is  a  pipe  from  the  cylinder  y,  near  the 
bottom  of  the  boiler  o,  to  recover  the  steam  from  the  ey* 
linder  into  the  boiler  c;  m  is  also  a  pipe  from  the  cylinder 
z,  into  the  boiler  a,  instead  of  the  usual  .means  of  con- 
densing it.  ^ 

^^  h  is  an  oven,  or  trough,  or  g^te,  made  in  the  form  of 
a  half-cylinder,  moving  from  side  to  side  by  means  of  the 
rods  o  o,  suspended  from  the  beam  cf,  (acting  in  points  or 
centres);  the  ordinary  grates  or  ovens  may  be  used  by 
applying  shades  to  exclude  the  heat  from  the  boiler  a, 
whilst  acting  against  b  and  c;  in  the  same  manner  from 
c,  when  it  is  acting  on  a  6,  and  thus  continually  having 
two  boilers  acting  against  one.  g  g^  are  two  springs  or 
rods,  from  the  beam  d  to  the  cocks  e  e,  on  the  feeding  pipes 
p  p  and  ,q  q.  The  fire,  acting  on  the  boilers  a  fr,  causes 
the  steam  to  lift  the  piston  e,  and  consequently  depresses 
the  piston/,  and  forces  the  steam  from  the  cylinder  z  into 
the  bottom  part  of  the  boiler  a,  through  the  pipe  m,  and 
(vice  versa)  on  the  other  side  before  described ;  any  flame 
or  heat  may  be  used,  by  means  of  the  moveable  fire  or 
shade." 
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This  plan  has  been  deemed  worthy  of  a  place  here,  not 
so  much  from  an  idea  that  in  its  present  form  it  will  be 
found  to  answer  the  purpose  for  which  it  is  intended,  (for 
the  effect  of  the  vibrating  furnace  on  the  boilers  a  b  and  c 
will  not  be  suiBciently  quick  in  communicating  heat  to  the 
one,  and  abstracting  it  from  the  other,  to  afford  an  avail- 
able power  of  any  value,)  as  from  a  desire  to  furnish  the 
almost  numberless  ingenious  persons  whose  attentions  are 
devoted  to  the  improvement  of  the  steam  engine,  with 
hints  respecting  an  application,  which  to  them  may  suggest 
practical  plans  of  much  importance. 

Patent  Steam  Engine^  by  Messrs.  Bower  and  Bland^  of 

Leedsy  Yorkshire. 

This  invention  is  intended  as  an  improvement  upon 
^such  engines  as  condense  out  of  the  cylinder/*  It  con- 
sists of  a  cylindrical  condensing  vessel,  surrounded  by 
another  a^r-tight  vessel  of  the  same  6gure,  but  of  a  larger 
diameter,  and,  of  course,  leaving  a  space  between  it  and 
the  first.  From  the  bottom  of  the  first  vessel  a  tube  de- 
scends through  the  second,  thirty-four  feet,  into  a  shallow 
cistern,  and  has  there  a  valve  on  one  side  of  its  lower  end, 
opening  outwards ;  and  into  the  top  of  the  same  vessel  the 
tube,  which  carries  off  the  steam  from  the  working  cylinder 
of  the  steam  engine,  enters  a  few  inches,  leaving  a  small 
space  between  its  circumference,  and  the  aperture  by  which 
it  enters,  for  the  passage  of  cold  water,  while  it  is  joined 
air-tight  to  the  external  vessel.  To  produce  the  conden- 
sation necessary  in  the  internal  vessel,  and  in  the  lower 
tube,  a  constant  stream  of  cold  water,  of  a  regulated  ex- 
tent, is  to  be  made  to  pass  through  the  space  between  the 
two  vessels,  and  over  the  top  of  the  internal  one,  by  the 
narrow  annular  aperture  between  it  and  the  steam  pipe, 
down  into  the  lower  tube,  where,  besides  condensing  the 
steam  which  has  entered  into  it,  and  the  internal  vessel,  it 
is  intended  to  act  by  hydrostatic  pressure,  superior  to  that 
of  the  atmosphere,  in  forcing  out  the  water  condensed  from 
the  steam,  along  with  itself,  through  the  lower  valve. 

8f).  4  V 
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TliG  psatentees  purpose  to  produce  the  supply  or  cold 
water  for  the  desi^ii  mentioned,  from  a  cistern  below  the 
le?el  of  the  condensing  vessel,  by  a  tube  rising^  up  from 
the  former,  into  the  bottom  of  the  space  between  the  two 
vessels,  which  forming,  with  the  lone;*  tube  before  men- 
tioneii,  the  two  legs  of  n-  s}-phon,  will,  by  the  well-known 
principle  of  that  instrument,  cmivey  the  water  upwards, 
over  the  top  of  the  infenial  vessel,  as  required. 

'Pile  tube  of  supply  rises  from  near  the  bottom  of  the 
upper  cistern,  and  from  it  at  that  part  a  pipe,  furnished 
with  H  cock,  passes  across  to  the  long  descending  tube;  it 
has  itself  also  a  cock  at  its  lower  end,  to  regulate  the 
supply  of  water  which  is  to  enter  into  it  from  the  cistern* 
The  use  of  this  cross  pipe  is  to  set  the  apparatus  to  work 
at  the  coniniencenient  of  its  operations,  which  is  effected 
(after  having  filled  the  vessels  and  tubes  witli  steam,  by 
opening  the  communication  with  the  steam  pipe,  and  having 
thereby  blown  all  the  air  out  of  the  apparatus)  by  opening 
the  cock  of  the  cross  pipe,  when  the  water  will  run  directly 
from  the  cistern  into  the  long  descending  tube  (which  has 
an  enlarged  cavity  a  little  below  the  entrance  of  the  cross 
pipe,  to  increase  the  effisct  of  the  cold  water)  where,  and 
in  the  lower  part  of  the  long  tube,  coming  in  contact  with 
the  steam,  it  will  instantly  condense  it,  cause  a  vacuum, 
or  an  approximation  to  one  in  the  vessels  and  tubes,  which, 
on  again  closing  the  cock  of  the  cross  pipe,  will  oblige  the 
water  from  the  cistern  to  rise  through  the  ascending  tube, 
(its  entrance  at  the  bottom  of  the  long  descending  tube 
being  prevented  by  the  valve  placed  there  for  that  pur* 
pose,)  fill  the  vessels  and  tubes,  and  thereby  set  the  syphon 
principle  to  work,  to  produce  a  stream  round  the  cistern, 
through  the  vessels  and  tubes,  into  the  conduit  or  sewer 
at  the  bottom  of  all,  which  stream  being  regulated  by  the 
cock  of  the  ascending  tube,  so  as  to  be  just  sufficient  for  the 
condensation  of  the  steam  which  meets  it  in  the  internal 
vessel,  will,  in  the  opinion  of  the  patentees,  cause  that 
approach  to  a  vacuum  in  that  vessel,  which  it  is  their  in- 
tention to  produce. 
As  a  variation  from  this  plan  it  is  stated,  that  where  a 
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supply  of  water  can  be  obtained  above  the  level  uC  ihe 
conciensin^  vessel,  a  descending;  tube  may  be  placed  for 
its  conveyance  into  the  boUom  of  the  internal  vessel,  in* 
stead  of  the  ascendin<i;  one  from  the  loner  cistern.  Ano« 
ther  variation,  of  less  coose(|uencc,  consists  in  fonning  a 
iteck  to  the  top  of  the  internal  vessel,  enclosing  the  steam 
tube  as  before  mentioned,  hut  having;  holes  in  its  sides,  Tor 
the  passa«j;e  of  the  cold  water  into  the  internal  vessel,  in- 
stead or  the  narrow  annular  interval  between  that  tube 
and  the  top  of  the  vessel,  lirst  directed  for  that  pui*pose.* 
The  object  of  this  inventidn  is  unquestionably  inipor« 
tant,  but  we  fear  the  apparatus  is  at  present  incomplete, 
as  there  does  not  appear  to  be  any  means  provided  for  re- 
movin*;  the  air  extricated  from  the  water  and  steam. 

Patent  Steam  Engine,  by  Samuel  Wellman  IVright^  of  Lam* 

bethj  Surrey.     1825. 

This  is  a  rotary  engine,  and  consists  of  a  flat  hollow 
cylinder,  placed  vertically,  within  which  another  concen- 
tric cylinder  is  made  to  revolve  on  an  axis,  by  square 
valves  or  flaps,  which  are  fastened  to  it  by  close-jointed 
hinges,  and  open  from  it  at  right  angles,  so  as  to  occupy 
the  space  between  it  and  the  external  cylinder,  during 
about  three-fourths  of  its  revolution,  and  which  are  gra- 
dually closed  in  succession  by  an  inclined  plane,  that  pro- 
jects internally  from  the  rim  of  the  external  cylinder,  ex- 
tending about  a  fourth  of  its  circuit,  and  coming  close  to 
the  revolving  cylinder  at  one  end,  where  it  forms  a  stop- 
piece,  that  fills  up  the  interval  at  that  part  between  the 
two  cylinders;  beyond  which  stop,  the  induction  steam  pipe 
enters  into  the  external  cylinder,  while  the  eduction  pipe, 
that  conducts  the  steam  to  the  condenser,  passes  out  near 
the  other  extremity  of  the  inclined  plane.  The  flaps,  when 
closed,  lie  in  hollows,  made  to  fit  them  in  the  rim  of  the 
revolving  cylinder,  and  have  flat  pieces  of  brass  placed  on 
atttdsi  near  to  their  edges;  which,  being  pressed  outwards 
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^v  sprini^s  that  lie  l>ehiiid  (hem,  form  what  may  be  called 
a  metallic  packins^,  at  three  of  their  aides,  while  the  third 
^ide  is  closed  by  the  accurate  fitting  of  the  hinge,  so  as 
altoi^etber  (o  prevent  the  steam  passing  through  between 
fho  valves  and  the  cyiindei*s  in  any  part.  The  passage 
iK'lueen  the  revoK in!>^  cylinder  and  thestop  is madesteain- 
flight,  by  a  thick  piece  of  brass,  that  tits  close  to  the  rim  of 
the  tii*8t,  and  is  received  i(ito  a  cavity  of  the  latter,  in 
which  springs  are  inclosed,  that  press  it  out  against  the 
revolving  cylinder;  and  the  two  cylinders  are  made  to  fit 
steam-tight,  at  their  circles  of  contact,  by  two  flat  brass 
rings,  one  of  which  is  fastened  to  each  side  of  the  revolv* 
ing  cylinder,  by  screws  inserted  through  slots,  which  admit 
of  its  being  moved  outwards  towards  the  fixed  c}liudery 
and,  being  divided  into  two  pieces  across  its  diameter,  flat 
w^ges,  wKich  are  pressed  by  springs  into  the  lines  of  its 
junction,  from  the  side  next  to  the  axle,  tend  always  to 
press  it  outwards  against  the  inner  rim  of  the  external 
fixed  cylinder,  and  keep  the  steam  from  passing  by  it,  not- 
withstanding its  gradual  wear. 

The  valves  or  flaps  are  made  to  rise  out  of  the  cavities 
that  contain  them,  after  they  have  passed  the  inclined 
plane,  by  pieces  that  proceed  from  their  hinges,  nearly  at 
right  angles  to  their  backs,  which  point  towards  the  axle 
when  they  are  closed,  and  which  come  in  contact  with  a 
roller,  whose  axis  is  fastened  to  the  side  of  the  fixed  cy* 
linder,  when  the  flap  has  completely  passed  the  inclined 
plane;  which  roller,  by  pressing  these  handles  backwards, 
obliges  the  flaps  to  rise  upwards  across  the  annular  cavity 
between  the  two  cylinders,  and  constitute  that  opposition 
to  the  steam  which  causes  the  internal  one  to  revolve,  and 
turn  round  the  machinery  that  is  connected  with  its  axle. 

The  Editor  of  the  Repertory  of  Arts  (from  which  work 
the  foregoing  account  is  chiefly  extracted)  observes,  that 
this  engine  "very  much  resembles**  Mr.  Walter  Foreman's, 
(described  at  page  272),  but  that  the  latter  is  inferior  to  it, 
on  account  of  no  adequate  'method  being  provided  for 
making  the  various  moving  parts  steam-tight.  The  writer 
evidently  alludes  to  the  omission  of  packing  to  the  flap 
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Vahes.  by  Captain  Foreman,  the  conical  form  of  which  he 
does  not  perceive  renders  packing  unnecessary ;  and  it  is 
en  this  peculiar  form  of  the  valves  and  case  the  Captain 
founds  his  patent  right.  Mr.  Wright's  engine  has  a  greater 
resemJ^lonce  to  several  other  engines  that  preceded  Cap- 
tain Foreman's  in  our  accotint,  wherein  similar  valves 
are  used,  possessing  the  same  common  defect,  or  liability 
to  leakage  at  their  joints,  which  it  is  scarcely  possible  to 
prevent.  See  Cooke's,  page  104;  Chapman's,  page  207; 
besides  several  others.  One  of  the  best  features  in  Mr. 
Wright's  engine,  is,  his  mode  of  packing  the  crevice  be« 
tween  the  revolving  and  fixed  cylinders,  by  the  brass  seg- 
ments, which  are  pressed  asunder  by  wedges  and  springs, 
forming  a  new  and  useful  application  of  the  principle  of 
Barton's  metallic  piston. 

Patent  Steam  Engine^  by  Captain  HalUday,  of  Ham^ 

Surrey.     1826. 

The  steam  engine  described  in  the  specification  of  this 
patent,  is  of  the,  rotary  species,  and  consists  of  a  wheel, 
having  a  deep  rim,  that  passes  through  a  case  of  larger 
dimensions,  which  embraces  a  portion  of  its  circumfer  nee; 
and  from  that  part  of  it  which  is  within  the  case,  valves 
are  made  to  open,  that  fit  the  case  accurately,  and,  by  re- 
ceiving the  action  of  the  steam,  cause  the  wheel  to  revolve. 
The  rim  of  this  wheel  is  much  deeper  from  the  circum- 
ference to%vards  the  centre,  than  its  thickness ;  which  latter 
must^  however,  be  sufficient  to  contain  the  valves  within 
its  sides,  so  thatj  when  they  are  closed,  no  part  of  them 
may  project  beyond  their  limits;  these  .valves  turn  on  a 
pivot,  that  goes  through  their  middle,  in  the  direction  of 
the  radii  of  the  wheel,  and  passes  through  the  substance 
of  the  rim,  towards  the  centre  of  the  wheel,  for  a  purpose 
that  will  be  explained :  the  valves,  when  turned  round, 
so  as  to  be  at  right  angles  with  the  rim,  must  fit  the  case 
exactly ;  and,  for  this  purpose,  are  made  in  the  shape  of 
its  transverse  section,  which,  as  shown  in  the  drawing  of 
the  specification,  is  a  parallelogram,  a  little  rounded  at 
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top,  and  about  half  the  depth  of  its  breadth ;  but,  as  tbe 
patentee  states,  many  other  shapes  for  the  transverse  sectioa 
of  the  case  and  valves,  will  have  a  similar  effect;  agai% 
when  the  valves  are  turned  back,  so  as  to  lie  in  the  direc- 
tion of  the  rim,  the  cavities  in  which  they  are  tq.lie  must 
be  so  fitted  to  them,  and  they  to  the  cavities,  that  they  may 
entirely  occupy  and  close  them  up,  so  as  to  present  a 
smooth  and  uniform  surface  externally,  exactly  coinciding 
with  the  face  of  the  rim.  The  case  encloses  one-third  of 
the  rim,  and  is  made  in  two  equal  pieces,  separating  in  the 
plane  of  the  rim,  and  having  flanges  at  their  edges,  by 
which  they  may  be  jointed  together  closely,  with  screws 
and  nuts;  in  which  line  of  juncture  they  inclose  a  segment 
of  a  flat  ring,  made  of  brass^  of  the  thickness  of  the  rim, 
but  which  is  of  a  less  depth  than  the  flanges,  so  as  to  admit 
the  part  of  the  edge  of  the  rim  that  extends  above  the 
valves,  to  enter  between  the  flanges,  in  order  to  make 
the  juncture  of  the  parts  more  accurate ;  this  brass  segment 
can  be  taken  out  and  refitted,  when  either  it,  or  the  edge 
of  the  wheel,  wears  so  as  to  cause  an  imperfefct  conjunction. 
As  it  is  necessary  that  the  inside  of  the  case  should  be 
exactly  curved  to  correspond  with  the  rim,  the  patentee 
directs  that,  for  this  purpose,  two  other  similar  pieces 
should  be  joined  to  each  of  the  sides,  by  the  flanges  at 
their  ends;  and,  as  each  consists  of  the  third  part  of  a  ring, 
the  whole  th^ee  will  form  an  entirely  hollow  ring,  which 
may  then  be  turned  by  the  lathes  used  for  work  of  large 
dimensions,  so  as  to  have  its  internal  cavity  turned  out 
perfectly  circular,  true,  and  even ;  and,  after  the  pieces 
are  again  separated,  two  of  them  will  form  the  case.  The 
flanges  at  the  ends  of  these  pieces,  though  essential  for 
the  purpose  just  mentioned,  arc  intended  for  fastening  on 
the  covers  that  close  the  two  ends  of  the  case,  and  through 
apertures  in  which  the  rim  of  the  wheel  passes;  which 
apertures  must  be  made  to  fit  it,  so  as  to  render  it  steam* 
tight;  these  apertures,  which  will  thus  be  in  the  shape  of  the 
transverse  section  of  the  rim,  are  to  have  pieces  projecting 
outwards  from  them,  in  an  angle  of  about  forty«five  de* 
grees  at  each  side ;  whose  use  is  to  bring  the  edges  of  the 
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▼alve»  within  the  cavities  of  the  rim,  so  as  to  pass  through 
the  apertures  without  obstruction,  should  they  by  accident 
come  into  such  a  position  as  would  render  these  guides 
necessary. 

The  parts  of  the  case  that  are  below  the  valves,  or  be- 
tween them  and  the  centre  of  the  wbeeL  fit  accuratelv 
to  the  sides  of  the  rim,  so  as  to  prevent  all  escape  of 
steara.      The  valves  are  made  to  turn  round,  to  be  at 
right  angles  with  the  rim,  and  back  again,  to  lie  flat  within 
its  substance,  by  the  lower  part  of  the  pivots,  which  we 
before  stated  passed  through  the  inner  part  of  the  rim  to- 
wards the  centre;  from  this  part  of  the  pivot  of  each,  an 
arm  projects,  at  right  angles  to  the  valve,  having  a  roller 
at  its  extremity,  which,  as  the  wheel  turns  round,  comes 
in  contact  with  a  guide-bar,  fixed  to  the  frame  in  which 
the  wheel  turns,  which  bar  is  curved  sideways,  as  well  as 
in  the  direction  of  the  arc  of  the  rim,  and  gradually,  as  the 
rim  turns,  pushes  the  arm  into  the  plane  of  the  rim,  and 
by  this  causes  the  Valve  to  turn  round  at  right  angles  to 
it,  and  occupy  the  transverse  section  of  the  cavity  of  the 
case;  and  this  turning  out  of  the  valves  is  made  to  take 
place  by  the  proper  position  .of  the  guide*bar^  just  as  they 
enter  within  the  case ;  and  they  are  hvought  back  again 
to  their  first  positions  within  the  rim,  by  a  similar  guide- 
bar  at  the  other  side  of  the  wheel,  which  acts  on  other 
arms  placed  at  right  angles  to  the  first,  or  in  the  plane  of 
the  valves ;  they  may  also  be  made  to  go  back  into  their 
places  by  springs,  when  they  have  passed  the  first-men* 
tioned  guide-bars^  that  cause  them  to  expand,  and  keep 
them  open  as  long  as  is  required.  The  case  is  represented 
as  being  fixed  to  the  upper  portion  of  the  side  of  the 
wheel,  and  in  a  vertical  position,  as  the  latter  of  course  is 
also ;  and  the  pipe  by  which  the  steam  enters  into  it  from 
the  boiler,  is  fixed  to  the  cover  of  the  upper  extremity^ 
and  when  the  steam  is  of  the  ordinary  pressure,  and  a 
condenser  is  used,  a  similar  pipe  passes  from  the  cover  of 
the  lower  end  of  the  case  to  that  condenser;  but  when 
highly-compressed  steam  is  used,  then  the  latter  pipe  is 
necessary,  and  the  lower  cover  itself  may  be  removed. 
The  number  of  the  valves  may  be  regulated  by  the 
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fancy  of  (he  engine  maker,  provided  it  be  such  that  two 
of  them  at  least  may  always  be  at  the  same  time  within 
the  case,  as  the  wheel  revolves ;  and  their  edges  may  be 
grooved  so  as  to  contain  common  packing,  or  metallic 
packing  expanded  by  springs.  The  wheel  itself  turns  on 
an  axle,  supported  by  sockets  attached  to  a  firm  frame, 
resting  on  six  pillars,  two  of  which  stand  directly  under 
the  sockets;  one  of  the  ends  of  the  axle  is  prolonged 
beyond  the  frame,  to  form  a  connexion  between  the  wheel 
and  the  mill  machinery,  which  it  is  intended  to  work ;  and 
four,  six,  or  more  arms  or  spokes,  join  its  rim  to  the  nave 
or  centre  piece,  through  which  the  axle  passes. 

A  cistern  of  hot  oil,  made  to  fit  the  rim  of  the  wheel,  is 
so  placed  as  to  receive  its  lower  part,  and  being  kept  at 
the  same  heat  as  the  steam  used,  or  a  little  above  it,  by  a 
furnace  properly  disposed  beneath  it,  will  both  maintain 
the  wheel  at  such  a  degree  of  temperature  as  will  pre* 
vent  its  having  any  tendency  to  condense  the  steam,  and 
will  at  the  same  time  keep  the  rim  and  valves  always  lu- 
bricated, so  as  to  pass  the  case  with  facility.  The  boiler, 
condenser,  and  every  other  part  necessary  to  complete  (he 
engine,  are  of  the  commonly  approved  construction.* 

This  invention  of  Captain  Halliday's  reflects  great  credit 
upon  his  inventive  talents;  the  mode  of  opening  and  clo- 
sing the  valves  for  exposing  them  to,  and  withdrawing 
them  from  the  action  of  the  steam,  is  highly  ingenious; 
and  it  is  much  to  be  regretted  that  so  beautiful  an  opera- 
tion cannot  be  efficiently  performed  for  any  considerable 
time,  on  account  of  the  difficulty  of  preserving  the  essen- 
tial parts  steam-tight,  and  that  the  superior  quality  of 
workmanship  required  to  make  such  a  machine  in  the  first 
instance,  must  prove  an  obstacle  to  its  adoption. 

Although  foreign  to  the  principal  object  of  this  work, 
we  may  here  mention  that  we  have  seen  a  pump  of  the 
above  construction  operate  well,  with  an  economy  of 
power;  the  valves  in  which,  not  touching  the  aides  of 
their  case,  Enabled  a  rapid  motion  to  be  given  them,  with* 

out  any  friction  in  those  parts. 

I       I.   I  ■    I  ■   '  .    ■■        ■     I  - ■     I  ■■■. 

*  Repertory  of  Patent  InFenttons^  vo).  iii. 
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Patent  Compound  Rotary  Engine,  by  /.  Eve,  of  London. 

1826. 

This  invention  consists  in  some  peculiar  and  ingenious 
arrangements  for  the  employment  of  steam,  twice  over,  in 
tvro  distinct  rotary  engines;  in  the  first  of  which  the 
steam  is  used  at  a  high  pressure,  and  in  the  second  allowed 
to  expand  to  low  pressure.  In  a  communication  to  the 
editor  of  the  Register  of  the  Arts,  the  patentee  observes, 

^^  The  difficulty  of  availing  ourselves  of  using  steam 
twice,  that  is,  first  as  high  pressure,  and  then  in  a  conden- 
sing engine  to  any  extent,  is  sufficiently  apparent  from 
the  following  considerations.  It  appears  from  Mr. 
Woolfe's  experiments,  that  steam  heated  to  balance  six 
pounds  to  the  inch,  will  expand  into  six  times  the  volume 
under  atmospheric  pressure,  at  20  pounds  to  20  times,  at  40 
pounds  t^  40  times,  and  so  on. 

^^  Working  with  comparatively  so  low  a  pressure  as  40 
pounds  to  the  inch,  it  would  be  found  extremely  inconve- 
nient to  use  two  engines  whose  capacity  were  as  one  to 
forty,  and  if  not  impossible,  would  appear  ridiculous,  if 
steam  of  200  pounds  elasticity  (which  is  quite  common  in 
the  United  States)  be  used,  as  the  second  engine  would 
be  twice  the  capacity  of  the  first,  which  in  this  extreme 
case  would  at  least  have  a  disproportionate  appearance. 
All  reciprocating  engines  will  have  to  contend  with  this 
inconvenience,  or,  rather,  can  only  avail  themselves  of  a 
partial  advantage  from  using  high  and  low  steam,  as  they 
have  to  work  stroke  for  stroke.  With  my  rotary  engine, 
the  full  benefit  of  this  principle  may  be  appropriated;  as 
the  engine  that  acts  by  high  pressure  may  be  smaller  in 
the  first  instance,  and  then  the  engine  for  low  pressure 
may  be  made  to  revolve  so  much  faster  than  the  first,  as 
to  allow  of  the  full  expansion  of  the  steam  before  it  is 
acted  on,  for  the  velocity  may  be  carried  to  any  extent 
required,  without  inconvenience." 

The  following  figure  represents  an  elevation  of  Mr. 
five's  ^^  compound  steam  engine."    a  is  the  furnace,  con« 

SO.  4  X 
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laining  the  8teain*g«nerator,  or  boUer;  b  is  the  dome  on 
the  top  of  the  steam  receiver,  with  the  steam  pipe  e,  and 
safety  apparatus  m;  d  is  a  cock  and  pipt^  throng  which 
steam  ia  admitted  to  the  high-preasufe  e&^ine  e;  after 
having  acted  upon  it,  the  said  steam  passes  into  the  low- 
pressure  engine  /,  constructed  on  tlie  plan  described  at 
page  275,  on  a  larger  scale,  so  as  to  allow  the  stealn  to 
expand,  and  then  act  upon  it  at  low  presenre.  e  and  / 
have  pinion  wheels  of  an  equal  pvtch,  gearing  into  a  spar- 
wheel  gi  these  wheels  determine  the  power  given  to  each 
engine,  by  regulating  their  motion  wtih  reference  to  the 
pAwer  required  from  each.  The  steam  finds  its  escape 
at  <,  into  the  condenser  A.  The  condensed  flteam  or  watet- 
raas  through  pipe  i  by  its  own  gravity,  towards  Ibe  two 
revolving  cocks^  whence  it  is  conveyed  back  to  the  f^t^ 
ing  pipe  in  the  steam-generator.  t>  is  an  engine  on  tb^ 
befare-mentioned  plan,  bavihg  two  induction  and  two 
ednetion  pipes,  which  engine  serves  as  a  pump  in  (his-  pab- 
ticular  situation,  w  is  the  service-pipe  from  the  well, 
leading  into  the  refrigerator;  x  receives  the  water  in  the 
refrigerator,  and  carries  it  downwards,  p  ia  the  belltiwB 
for  blowing  the  fire,  by  means  of  a  band  rouird  fKe-  arxf^ 
connected  with  a  pulley,  o  ii  the  valve  and  lever  of  the 
bellows,  connected  by  the  rod  n,  with  the  safety  appa>h 


imtHs ;  i  and  m  are  piilfey^,  connected  by  a  band,  to  give 
rotatery  motion  |p  piimfi  i;,  but  any  other  contrivance 
may  be  used ;  /  is  a  cocJfi,  which  is  only  opened  before  the 
engine  is  eei  to  work,  in  order  that  the  air  may  be  driven 
outof  4he  pipes  and  condenser  by  the  steai^;  theoock  may 
then  be  shut^  and  the  engine  set  t^  work ;  y  is  a  pipe, 
leading  from  the  ^t^j  apparatus  ^p  the  coodpaser; 
thmrefore,  if  an  engine  be  so  contrived,  and  the  boiler  be 
once  filled  with  water,  the  eame  water  will  answer  for 
working  the  engine,  mg  long  as  the  pipes  remain  sound,  or 
at  any  rate  with  vei7  little  loss  of  waier. 

Patent  Steam  Engtney  by  Mr.  TTwmas  Peeky  St.  John 

Street,  London,   1827. 

The  principle  of  the  two  methods  for  producing  revol- 
ving Meam  engines,  described  in  this  specification,  consists 
in  making  the  maifi  cylinder  of  the  engine  revolve,  by 
the  action  of  its  pi^oa  rod  on  a  fixed  axle,  placed  eccen- 
trically  to  that  round  which  the  cylinder  performs  its 
revolution. 

In  the  first  method,  this  is  effected  by  sufspending;  the 
main  cylinder  on  hollow  axles,  that  project  at  right  angles 
from  the  ^liddle  of  it^  s^es,  opposite  to  each  other,  and 
through  which  the  steaif)  i^  conyeyed  from  the  boiler,  and 
passes  to  the  diSerent  ends  of  the  cylinder  alternately,  by 
pipes  that  r^ui  along  the^id^  of  ^be  letter;  and  again,  by 
open  air,  (iicpording  as  the  engine  is  of  the  low-pressure 
or  high  pressure  species,)  by  the  operation  of  a  sliding 
hoY^viiife,  Yvhich  is  aioved  by  an  eccentric  wheel,  that  is 
turned  by  }be  ri^volv jng  inachinery.  ^he  cylinder  being 
thus  prepaf^d}  &  toothed  ring  is  lixed  vertically  round 
Mchof  the  bellow  a^le^  ivith  its  centre  the  distance  of  a 
f|uart^r  of  a  stroke  of  the  piston  fr<om  them>  and  is  there 
fceten^  4l9I^Y{^bly  to  th?  ^rame-iyork  that  supports 
them,  while  ^  ff  aipe,  forked  hy  the  piston-rod  in  its  own 
plane,  carries  two  yertical-tooth^4  wheels  at  each  of  its 
extremities,  the  teeth  of  which  ii^^erlock  with  those  of  the 
toothed  ring  at  its  opposijte  sides  i  and  connecting  rods 
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being  passed  from  the  centres  of  these  wheels  to  piTots  in 
the  rim  of  a  fly-wheel  that  turns  round  the  same  centre 
as  the  cylinder,  it  follows,  that  when  the  piston-rod  enters 
the  cylinder,  the  two  wheels  at  its  farther  end  will  be 
forced  alon'g  the  peripheries  of  the -fixed  rings;  and  as 
these  are  eccentric' to  the  hollow  axles  of  the  cyliuder, 
will  (by  bringing  the  extremities  of  the  latter  alternately 
nearer  to  and  farther  from  their  centres,  while  at  the 
same  time  they  are  drawn  and  pushed  successively  by  tlie 
piston-rod,  towards  the  hiollow  axles  and  away  from  them) 
cause  the  cylinder  to  revolve  round  its  axles,  for.  half  a 
revolution,  from  the  combined  effect  of  the  two  motions 
acting  angularly  to  each  other.  In  like  manner,  when 
the  piston-rod  is  pushed  out  from  the  cylinder,  the  two 
wheels  at  the  opposite  end  of  the  frame  that  moves  with 
it,  will,  by  acting  on  the  fixed  wheels,  in  the  same  manner 
as  the  others  just  described,  have  a  similar  effect  on  the 
cylinder,  make  it  jper form  another  half  revolution  in  the 
same  direction,  and  thus  cause  it  to  complete  an  entire 
revolution;  the  velocity  of  this  is  rendered  equable 
and  uninterrupted  by  the  action  of  a  fly-wheel  at  each 
side,  which,  by  their  momentum,  continue  the  turning  of 
the  cylinder,  when  the  piston-rod  moves  in  the  line  that 
passes  through  the  axles  and  the  centres  of  the  rings,  and 
when  of  course  the  force  would  otherwise  be  expended  in 
injuriously  impelling  the  two  centres,  either  towards  or 
from  each  other,  according  to  its  direction ;  in  like  maniler 
as  takes  place  with  the  crank  and  fly-wheel  in  common 
steam  engines. 

The  two  pair  of  wheels  at  the  end  of  the  piston-iiioved 
frame,  are  attached  to  these  by  axles  that  pass  through 
points  in  them,  one  fourth  of  the  piston  stroke  removed 
irom  their  centres,  in  order  that  they  may  correspond 
with  the  eccentricity  of  the  fixed  rings;  which  being,  as 
before  noticed,  also  a  quarter-stroke  eccentric,  the  two 
eccentricities  added  together  are  equal  to  half  a  stroke, 
at  each  passing  of  the  revolving  and  fixed  cylinders ;  and 
as  this  occurs  twice  in  each  revolution  of  the  cylinder,  the 
four  quarter-stroke  eccentricities  thus  keep  pace  with  the 
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motion  of  the  piston,  so  as  *o  produce  one  revolution  for 
each  stroke. 

There  ^re  thus  six  wheels  employed  in  producing  this 
motion,  all  of .  which  are  of  the  same  size;  two  central 
wheels  that  are  fixed,  and  four  that  revolve  round  these, 
three  of  which  are  at  each  side  of  the  cylinder ;  the  piston- 
moved  frame,  that  carries  four  of  these,  (two  at  each  ex- 
tremity,) has  a  ring  at  each  side,  that  encloses  the  fixed 
toothed- wheels,  and  is  so  much  larger  than  them,  as  to 
allow  for  their  eccentric  positions,  and  escape  coming  in 
contact  with  them  in  any  part  of  the  revolution;  the  two 
sides  of  this  frame,  and  the  three  toothed^wheels  adjoin- 
ing to  each  of  them,  lie  between  the  cylinder  and  the  fixed 
frame  that  supports  its  hollow  axles. 

In  the  second  method  for  producing  the  revolution,  two 
or  more  steam  cylinders  are  fixed  by  gudgeons  between 
the  peripheries  of  two  fly-wheels,  at  equal  distances  from 
each  other,  with  their  piston-rods  extending  to  an  axle, 
eccentric  to  that  of  the  fly-wheels  a  distance  of  half  a 
stroke ;  the  gudgeons  and  the  axle  of  the  fly-wheels  are 
hollow,  and  tubes  pass  between  them,  connected  to  the 
former  by  turning  joints,  made  steam-tight,  like  those  of 
cocks;  the  steam  is  conveyed  to  the  cylinder  by  these 
tubes,  and  by  others  that  run  along  their  sides  to  their 
extremities,  and  is  again  passed  off*,  either  into  the  open 
air  or  into  a  condenser,  by  the  same  tubes,  or  by  others 
similarly  placed  at  the  opposite  sides  of  the  cylinders ;  the 
passages  between  these  tubes  and  the  boiler  and  condenser 
are  opened  and  closed  by  sliding  box-vaives,  moved  as 
required  by  an  eccentric  wheel,  turned  by  the  wheel-work 
of  the  engine.  The  axles  of  the  fly-wheels,  in  both  me- 
thods, afibrd  proper  situations  for  the  primary  wheels, 
that  are  to  convey  the  motion  to  the  machinery,  for  the 
working  of  which  the  engines  are  required;  and  when  the 
engines  are  to  be  first  put  in  motion,  the  fly  wheels  must 
be  turned  by  hand  for  some  distance,  until  the  force  of 
the  steam  commences  its  action  upon  the  revolving  appa« 
rat  us.* 

*  Repertory  of  Patent  InveDtiont. 
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Patent  SimmEngme^lnfK/9iuariMeikleh0m.ldmdan^ 

This  invention  consists  in  a  method  of  generating  Ta- 
pour  or  gas  within  the  working  cylinder  itself,  produced 
by  the  application  of  a  heated  fluid  medium  inside  the 
piston.  We  have  reason  to  believe  that  the  project  was 
never  carried  into  effecJt,  except  in  a  small  model;  ne- 
verthelessi  it  is  sufficiently  novel  and  specious  to  demand 
a  description  in  this  work.  The  only  publication  hereto- 
fore containing  any  notice  of  this  patent,  is  the  London 
Journal  of  Arts,  from  whence  we  extract  the  following, 
though  not  very  clear  account ;  the  writer  of  which,  how- 
ever, complains  that  the  enrolled  specification  of  the 
patent  is  very  deficient  in  clearness,  a  quality,  which  no 
one  who  knows  its  highly-talented  author*  would  suspect. 

'^  A  cylinder,  of  the  kind  commonly  applied  to  steam 
engines,  is  to  be  employed,  in  which  a  piston  works  up 
and  down,  as  usual.  In  the  upper  part  of  the  cylinder  a 
long  tube  is  to  be  inserted,  within  which  the  rod  of  the 
piston  slides.  The  piston  is  intended  to  be  raadebollow, 
with  three  horizontal  compartments,  if  we  understand 
aright,  and  with  valves  opening  outwards.  The  rod  of 
the  piston  is  to  be  hollow,  and,  indeed,  have  several  small 
tubes  or  passages  extending  along  it,  from  end  to  end. 

^^  One  or  the  tubes  in  the  piston  rod  is  designed  to  con- 
duct melted  metal,  (such  we  presume  as  the  easily-fusible 
alloys,)  from  a  hot  reservoir,  down  to  the  central  com- 
partment in  the  interior  of  the  hollow  piston,  and  another 
of  the  tubes  is  to  carry  the  said  melted  metal  up  again 
from  the  piston  into  the  reservoir.  Connected  to  the  rod 
of  the  piston,  in  some  way,  there  is  to  be  a  small  injecting 
pump,  for  the  purpose  of  forcing  this  melted  metal  down 
one  tube,  through  the  chamber  in  the  piston,  and  np  the 
other  tube,  making  a  continued  circuit  of  the  hot  metal 
from  the  reservoir  through  the  chamber  of  the  piston,  as 
long  as  the  piston  is  in  action. 

^^  Another  tube,  passing  through  the  piston  rod,  is  de- 
sired to  conduct  a  fluid,  whether  oil  or  water,  or  any 

*  Author  of  Siu«rt*ft  History  &.nd  Stuart's  Anecdotes  of  tlie  Steam  Eogint. 
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thing  else,  which,  by  heat,  may  be  converted  into  an 
elastic  vapour  or  gas;  and  this  fluid  being,  by  means  of  a 
small  pump,  connected  to  the  piston  rod,  thrown  ilpon 
the  heated  surface  of  the  chamber  within  the  piston,  is 
immediately  converted  into  steam,  or  other  elastic  va« 
pour,  and  passing  through  the  valves  into  the  cylinder, 
there  exerts  its  elastic  force,  ftnd  dnves  the  piston  as  in 
an  ordinary  steam  engine. 

^^  Supposing  the  piston  to  be  at  the  top  of  the  cylinder 
and  the  jet  of  fluid  to  be  then  injected  on  to  the  surface 
of  the  heated  chamber,  thB  steam  or  other  elastic  vapour 
generated  would  immediatiily  pass  through  the  upper 
valves^  which  at  that  tiine  are  al^ne  permitted  to  open, 
and  exerting  its  elastic  force  above  the  piston,  would  in- 
stantly drive  it  to  the  lower  end  of  the  cylinder.  Another 
jet  of  the  fluid  being  now  thrown  upon  the  heated  cham- 
ber, and  the  lower  valves  at  this  time  being  alone  per- 
mitted to  open,  the  steam,  er  other  vapour  generated, 
passes  by  apertures  formed  through  the  heated  chamber, 
and  instantly  rushes  out  at  the  under  valves  into  the 
lower  part  of  the  cylinder,  and  accordingly  raises  the 
piston;  the  steam  or  vapour  in  the  upper  part  being 
drawn  away  through  eduction  apertures^  and  condensed 
by  the  means  commonly  employed  for  that  purpose*  In 
thi^  way  it  is  intended  to  generate  tlio  steam  or  other 
elastic  vapour  within  the  piston,  and  to  discharge  it  into 
the  cylinder,  alternately  on  one  side  or  the  other  of  the 
piston,  for  the  purpose  of  working  the  engine  reciprocally, 
and  with  sufficient  force  to  activate  machinery  connected 
to  the  upper  end  of  the  piston  rod,  as  in  other  steam  engines/' 


High-Presmre  « Sqfety''  Engine,  6y  J.  Perkins,  of  Fleet 

Street,  London.  18S7. 

The  following  diagram  is  illustrative  of  a  new  modifi* 
cation  of  a  high-pressure  steam  engine,  by  the  ingenious 
Mr«  Jacob  Perkins;  the  peculiarities  of  which  will  be 
noticed  in  our  description.  It  should  be  understood  that 
the  figure  does  not  represent  all  the  details  of  the  engine. 
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but  the  principal  acting  parts  are  brought  together,  so  as 
to  exhibit  its  principle  and  mode  of  operation  at  one  view. 
Brfereitce  to  tke  engraving. — a  is  the  working  cylinder, 
■applied  with  steam  by  the  valve  6;  this  valve,  by  means 
of  an  intflrmediate  lever  c,  is  operated  upon  by  the  revor 
lution  of  the  cam  d,  oo  the  main  shaft  e.   f  is  tbe  piston. 
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g  the  pisloii  rod;  h  tbe  connecting  rod  to  the  crank  t ;  lll^ 
lieilrings  in  which  the  shaft  turns;  m  is  an  eccentric,  which 
works  a  valve  placed  in  the  injection  tube,  leading  into 
the  condenser  u ;  the  lower  extremity  of  the  condenser  is 

.  formed  into  a  box,  having  two  valves,  opening  outwards^ 
into  the  expansion  vessel  o,  to  which  a  pipe  q  is  connected, 
leading  into  the  hot  wellp;  in  this  is  placed  a  force- 
pump  ^,  worked  by  a  rod  attached  to  the  crank  v,  whidbi 
forces  the  condensed  water  (temperature  about  100*), 
through  the  pipis  «,  into  the  generators  w  ir,  fixed  across 
the  furnace,  and  through  the  opposite  walls ;  x  is  a  lower 
and  third  tier  of  pipes,  similar  to  the  others,  hut  employed 
to  allow  the  water  from  the  former  to  expand  into  steam, 
alter  it  has  acquired  sufficient  power  to  overcome  the  pres- 
sure of  a  heavily  loaded  valve.  From  the  pipe  x^  the  steani 

'  passes  idto  a  large  vertical  chamber  jf,  and  froai  thence,  at 
regular  iatervafe,  aloiig<tlie  pipe  jk,  into  the  working  cylin- 
4en  The  ^separate  figure  J  shews  one  of  the  pipes,  Cthe 
same  as  those  at  w  and  jr,)  in  perspective.* 

From  tbeforegping  it  will  have  been  noticed  that  this 
engine  has  only  what  is  termed  a  single  actiou,  the  steaop 
being  admitted  on  one  side  of  the  piston  only  ;  and  that 
the  principle  of  beating  water  in  very  strong  vessels,  under 
A  high  state  of  pressiu-e,  as  in  Mr.  Perkinses  former  paitent, 
i^<  still  adhered  t6. 

The  internal  diameter  of  the  principal  portion  of  tb^ 
oylinder  of  the  ei^ine  We  saw  at  work  in  Water  liane, 
Fleet  Street,  is  aboiftt<  eight  inches,  but  the  lower  end  is 


enlarged,  as  shewn  at  a  a,  in  the  above  cut,  into  a  eylin- 
-drical  chamber  of  nine  or  ten  inches  in  diameter,  and  about 


'i^A-mm^A^^^^^mm  ■  i»    i      ■  ■  ■  m  ■      i-    i    ■ -i  ■      m  «-    * 


•    *\  A  flBctioa  of  this  boiler^  with  a  descriptioia  of  it,  more  in  dotail,  tt 
l^iviaafepsge  898. 

31.  4y 
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six  inches  deep,  for  the  reception  of  the  piston  at  the  end 
of  the  stroke,  which  takes  a  range  of  about  20  inches. 
The  steam  is  admitted  into  the  top  of  the  cylinder,  at  a 
pressure  of  eight  hundred  pounds  upon  the  square  inch  ; 
and  when  the  piston  has  descended  through  one  eighth  of 
the  length  of  the  cylinder,  the  supply  is  cut  oflT^  so  that  the 
remainder  of  the  stroke  is  effected  solely  by  the  expansion 
of  the  steam.  When  the  piston  has  reached  the  bottom  or 
enlarged  part  of  the  cylinder,  the  steam  rushes  past  it, 
through  the  condenser,  into  the  expansion  vessel,  when 
the  whole  of  it  expands  to  atmospheric  pressure.  The 
Talves  at  the  lower  part  of  the  condenser  (before  men* 
tioned),  now  close  by  their  own  gravity,  at  which  instant 
a  spray  of  water  is  injected  into  the  condenser,  by  which 
the  remaining  steam  is  liquefied,  and  nearly  a  perfect 
vacuum  effected.  The  water  thus  reproduced,  is  blown 
into  the  expansion  vessel,  along  with  the  steam,  at  the 
next  down  stroke  of  the  piston  ;  the  water  running  down 
into  the  hot  well,  to  be  returned  to  the  generators  by  the 
action  of  the  force  pump,  while  the  steam  escapes  by  a  la* 
teral  tube  into  the  chimney  of  the  furnace.  The  upward 
or  return  stroke  of  the  piston  is  effected  by  the  momentum 
given  to  the  fly-wheel,  and  to  prevent  any  resistance  to  the 
ascent  of  the  piston,  which  might  be  caused  by  condensed 
steam  above  it,  there  is  a  small  valve  in  the  piston,  which  is 
opened  when  the  latter  reaches  the  bottom  of  the  cylinder ; 
therefore,  whatever  uncondensed  steam  may  remain  in  the 
cylinder  above  the  piston,  has  free  passage  from  the  latter 
to  the  under  side,  thus  occasioning  no  obstacle  to  its  ascent. 
At  the  termination  of  the  upward  stroke  of  the  piston, 
this  little  valve  is  closed  in  like  manner,  by  striking  against, 
the  top  of  the  cylinder,  so  that  the  next  charge  of  steam 
introduced  into  the  cylinder  may  not  be  diminished  in  its 
effect. 

The  piston  employed  in  this  engine  was  described  as  of 
the  metallic  kind,  but  of  a  very  peculiar  nature  ;  the  ar- 
rangement of  its  parts  consisted  of  a  series  of  expanding 
rings,  but  formed  of  a  peculiar  allatfj  which  Mr.  Perkins 
stated  he  had  found  to  require  neither  oil,  tallow,  nw  BBIjf 
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lubricating  material  whatever)  to  reduce  the  friction  ;  so 
far  from  this  being  necessary,  it  was  asseited,  that,  by  the 
working  of  the  engine,  the  rubbing  surfaces  of  the  piston 
and  cylinder  became  so  highly  polished,  as  to  reduce  the 
friction  considerably  below  that  of  the  ordinary  metallic 
packing,  when  oiled !  We  mention  this  circumstance,  in 
order  to  remove  the  false  impression  which  such  a  public 
statement  was  calculated  to  produce,  it  being,  we  believe, 
a  well-authenticated  fact,  that  the  pistons  made  of  this 
*^  peculiar  alloy,"  did  not  wear  well,  and  that  it  was  found 
necessary  to  have  recourse  to  oleaginous  matter,  to  lubri- 
cate them. 

One  of  the  principal  diiScultios  that  Mr.  Perkins  bad  to 
contend  with,  in  using  steam  at  such  high  temperature, 
was  the  carbonising  of  the  oil  or  grease ;  the  ^^  peculiar 
alloy"  piston  was  therefore  introduced,  to  overcome  thiH 
difficulty,  and  we  regret  that  the  success  of  this  contri- 
vance was  not  commensurate  with  the  expectations  of  the 
inventor. 

By  the  novel  arrangements  we  have  described,  Mr.  Per- 
kins calculated  that  he  saved  full  half  the  fuel  usually 
employed,  and  that  by  this  mode  of  condensing  the  steam, 
as  perfect  a  vacuum  was  effected,  as  in  Bolton  and  Watt*s 
condensing  engines,  with  a  great  saving  in  the  consump- 
tion of  water,  and  without  the  necessity  of,  or  the  friction 
attending  an  air  pump.  Mr.  Perkins  has  not  hitherto,  by 
any  satisfactory  tests,  proved  the  power  of  one  of  these 
engines,  and  .without  such  a  datum,  it  is  impossible  to  es- 
timate the  economy  or  advantage  of  them  ;  much  credit  is 
nevertheless  due  to  that  gentleman  for  his  varied  efforts 
to  increase  the  power,  and  thereby  augment  the  utility  of 
this  important  machine. 

The  preceding  diagram  of  Mr.  Perkins's  new  high- 
pressure  engine  was  drawn  with  a  view  to  explain  its  mode 
of  action  at  one  view  ;  the  proportions  and  relative  situa- 
tions of  some  of  the  parts  are  not  strictly  correct,  and  as 
the  engine  is  one  of  considerable  elegance  and  simplicity, 
we  annek  a  oopyof  a  drawing  before  us,  which  has  been 
prepared  to  the  scale  underneath  it. .   It  represents  an  ex^ 
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Mrnal  elevatiMi  of  on*  of  tfaa  sidw,  gupye4 iHii.n^tti 
anylM  to  the  side  exhibttad  in  tfaa  foragotog.  riia^sni.  ^      i 


'the  working  cylinder  is  repmeDted  at  A  H }  the  steam 
fixMu  tbe  geDentora,  (before  describtd)  is    introdaeeit 


through  the  pipe  C  D,  by  a  valve  at  E.  At  F  is  a  cam, 
which,  by  the  rotation  of  the  main  axis,  operates  through 
the  medium  of  a  lever  G,  and  a  rod  S,  upon  the  valve  E  ; 
arrangements  being  made  for  cutting  off  the  steam,  at  any 
point  of  the  stroke.  K  is  another  lever,  which  being  ope- 
rated upon  by  another  cam,  opens  a  cock  at  each  revo« 
lution,  by  which  a  jet  of  cold  water  is  thrown  into  the 
condenser  I.  N  is  the  condenser.  The  description  of  the 
preceding  diagram,  at  page  714,  renders  further  explaiia« 
tion  of  this  figure  unnecessary,  in  which  the  accompanying 
scale  gives  ail  the  due  proportions.  The  power  of  the 
engine  was  calculated  by  Mn  Perkins  at  30  horses,  but 
it  was  not  satisfactorily  proved  to  produce  such  effects. 


Patent  Steam-boat  Engine^  by  Jacob  Perkins^  of  Fleet 

Street  J  London.  1827. 

This  engine  is  a  modification  of  the  engine  described  in 
the  preceding  article,  and  adapted  to  steam  navigation. 

Fig.  I,  represents  an  elevation  of  one  side  of  the  en||^ine, 
in  which  a  is  the  cylinder ;  b  the  steam  valve  %  €  Ihe  con- 
necting rod  to  the  piston  -rod  d,  and  the  crank  €,  on  the 
main  shaft/,  which  turns  in  plnmmer  blocks  g  g ;  h  shews 
the  enlarged  end  of  the  cylinder,  which  is  in  this  instance 
at  the  top  of  the  cylinder,  instead  of  at  the  bottom,  as  in 
the  former* 

Fig.  S,  shewa  a  eontinaation  of  the  engine,  with  parts 
corresponding  to  those  described  in  section;  the  Steam 
valve  in  which  being  too  diminutive  for  explanation, 
is  described  in  fig.  3,  (page  7 1 9)  where  a  represents  a  lever, 
having-  its  fulcrum  at  g ;  this  lever  is  operated  upon  by 
the  re>'olution  el  a  cam  on  the  main  akaft  (/,  Hg.  f) 
causing  it  to  draw  back  the  rod  6,  of  the  valve^  at  which 
the  steam  from  the  generators  (before  described)  is  ad- 
mitted by  the  tube  %,  and  rushes  through  the  pipe  e,  into 
the  working  cylinder  c.  The  double  copiqal  joint  which 
connects  the  pipes  is  here  represented  as  screwed  together 
by  the  bolts  d  df,  which  enter  the  metal  of  the  cylinder. 

In  this  engine,  Mr.  Perkins  pur])osed  to  use  the  steanv 
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expansively,  at  the  enormoua  pressure  of  two  thousand 
pounds  upon  the  square  inch,  and  to  cut  it  off  at  one  six- 
(eenlb  part  of  the  stroke,  the  steam  acting  on  the  under- 
Bide  or  the  cylinder  only,  the  enlargement  of  the  cylinder 
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(FIG.  8.) 


bein^  at  top,  where  the  egression  of  the  steam  lakes  place. 
In  the  engine  from  which  these  drawings  were  made,  Jhe 
pistons  were  six  inches  in  diameter,  and  had  a  twenty-incli 
stroke  ;  the  power  was  hence  calculated  at  thirty  horses 
power,  or  dfleen  to  each  cylinder ;  and  Mr.  Perkins  offered 
to  guarantee  (o  double  that  power,  by  using  double  the 
quantity  of  coals. 

.  It  is  much  tobe.regretted  that  this  really  ingenious  of^- 
chauie  should  hare  uniformly  undertaken  to  perform  acf 
inucb  more  than  his  predecessors,  or  contemporaries,  sijice 
be  has  foiled  to  produce  any  of  those  great  effect^  which 
were  so  confidently  held  forth  to  th4  public,  and  without 
doubt  anticipated  by  himself.  Nevertheless,  in  the  pursuit 
of  his  schemes,  many  excellent  modifi^stions  of  the  mii|Qr 
parts  of  engines  have  beeu  introduced  by  him,  which  en- 
liUea  him  to  rank}inluat«ryt.aaoneof  theimproriersof  the 
ataan  engiM* 
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PaUnt  Eacpansion  EngiH$y  by  Jacob  PwHrinSy  London.  1827. 

We  have  now  to  add  a  description  of  another  attempt, 
on  the  p«ri  #f  Mr.  Perkins,  to  obtain  the  utmost  effect 
firom  the  expansion  of  steam,  on  the  principle  adopted  by 
Woolfe  and  Edwards,  many  years  back,  of  which  some  ac- 
coQttt  has  been  gtren  m  the  esriy  part  of  this  work. 

The  following  account  is  from  the  pen  of  a  corres- 
pondent in  a  periodical  journal,  from  whence  we  extract 
it  verbatim. 

'^  The  present  impcovement  consists  in  a  novel  arrange- 
ment of  two  working  cylinders,  td  what  may  be  termed  a 
single-stroke  engine ;  these  cylinders  are  of  equal  length, 
but  the  internal  area  of  one  is  about  eight  times  that  of  the 
other.  The  steam,  at  a  pf^ssure  of  about  one  hundred  at- 
mospheres (one  thousand  four  hundred  pounds  to  the  inch,) 
is  admitted  at  the  bottom  of  the  smallest  cylinder,  and  is 
cut  off  at  about  one-eighth  of  its  stroke ;  having  forced  « p  * 
its  piston,  the  steam  rushes  through  a  short  bent  tube,  into 
the  upper  p^t  of  the  krger  cylinder ;  whete  it  expands, 
and  forcing  down  the  Targe  piston^  escapes  near  the  bottom, 
through  lateral  openings,  into  the  cond<dns^r,  HtA  thehee 
into  the  atmosfAiere ;  while  tlie  stearin  that  remains  in  the 
condenser  at  atmospheric  pressure^  is  condensed  by  a  jet 
of  cold  water,  so  as  to  produce  «  vacuum  therein.  Both 
pistons  act  nearly  at  the  same  time,  by  their  rods  being 
connected  to  cranks  above  themv^rt  suitable  positiobft  on 
the  main  axis. 

^  Fig.  I,  represents  it  fr<Mit  elisvution  dPthe  engine^  and 
fig.  2;  a  side  elevation;  similar  lett«#9>(Sf  r^fevMee  ittdi* 
cate  similar  parts  iri  each  figtire.  tx  "is  the  large  cylinder; 
6  the  small  cylinder;  c  safety-valvie  to  llvrge  oylitider; 
€(  safety-valve  and  weight  to  small^eyUuder;  e«  the  piston 
rods;  //connecting  rodsj  A'litf  eeeetftrjcv  #& J^nljed  rod 
to  tile  same;  j^a  cranky  wMohtrtnTlb^ the  rod  M^  ht  th$ 
forcing  pump  m ;  n  injection  cock  and  cold  wnMat^pipaHfllr 
condenser  v;  o  steam  pipe;  /  throttle-valve;  y  a  pipe, 
leading  from  it  into  the  steam  valve  «;  x  a  strong  spring 
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for  closing  valve ;  q  fly-wli«el;  r  weight  to Mfety<valf «  e; 
it  s  plummer  blocks  to  the  main  axle,  in  which  are  the 

cranks  (  (.  w  (fig.  2)  valvp-box  and  escape  pipe  for  un- 
condenset)  steam. 

"  The  Bteam  from  the  pipe  o,  enters  the  throttle-valve  i, 
utid  piiHsing  through  the  tube  y,  and  the  valve  u,  enters 
the  lower  end  of  the  small  cylinder  b,  where  it  acts  upon 
the  under  side  of  the  piston,  and  forces  it  Up  into  the 
enlarged  part  of  the  cylinder;  by  this  movement,  a  lateral 
aperture  is  opened  in  b,  through  which  the  Ateam  eseapoi 

81.  4x 
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along  a  curved  tube,  into  Ibe  upper  part  of  the  iwge  cy- 
linder a;  here  it  instantly  expands,  and  forces  down  the 
large  piston.  Now  the  cranks  (  t,  are  set  at  a  very  acute 
angle  with  respect  to  one  another,  so  that  the  two  pistons 
shall  perform  their  up  strokes  and  their  down  strokes 
nearly  together,  the  small  piston  being  always  a  little  in 
advance  of  the  large  one;  by  this  arrangement,  sufficient 
time  is  afforded  for  the  admission  of  the  steam  into  the 
small  cylinder,  and  tlie  discharge  of  it  into  the  other. 
The  same  steair.  having;  ihus  exerted  its  force  upon  both 
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pistons,  escapes  at  the  bottom  of  the  large  cylinder  into 
the  condenser  v^  and  from  thence  into  the  air,  while  that 
portion  that  remains  in  the  condenser,  from  having  ex- 
panded to  atmospheric  pressure,  b  condensed  by  a  jet  of 
cold  water,  which  effects  the  vacuum.  The  induction 
pipe  being  now  re-opened,  the  same  action  is  renewed, 
and  maintained  by  the  revolution  of  the  fly-wheel. 

^^  The  injection  cock  and  pipe  are  shewn  at  n,  and  are 
worked  by  a  cord  attached  to  them,  and  passing  round  the 
cam  on  the  main  shaft.  The  piston  rods  e  e,  are  furnished 
with  guide-frames  and  anti-friction  wheels,  which,  being 
jointed  to  the  connecting  rods//,  allow  the  latter  to  turn 
with  the  revolution  of  the  cranks,  and  produce  upon  the 
piston  rods  a  parallel  motion. 

^^  In  order  to  determine  and  regulate  the  quantity  of 
steam  to  be  admitted  into  the  cylinder,  and  to  cut  it  off  at 
the  required  point,  Mr.  Perkins  has  adopted  a  very  simple 
contrivance :  near  one  extremity  of  the  main  axle,  there 
is  an  eccentric  ft,  to  which  is  attached  the  rod  i ;  this  rod 
is  joined  in  the  middle  by  a  hollow  and  solid  screw,  by 
which  its  length  is  adjusted.  This  rod  j,  passes  through 
a  guide,  and  opens  the  steam-valve  ti,  so  as  to  admit  the 
required  quantity  of  steam  for  working  the  engine;  a  very 
massive  and  strong  steel  spring  is  employed  to  shut  the 
valve,  after  it  has  been  opened  in  the  manner  described. 

'^  Between  the  lower  end  of  the  rod  t,  and  the  lever  of 
the  valve  tf,  there  is  an  intermediate  bar  of  iron,  the  re« 
moval  of  which  renders  the  rod  t,  too  short  to  act  upon 
the  valve;  by  which  means  the  engine  may  be  instantly 
stopped  at  pleasure. 

^^  As  the  steam  is  condensed,  it  is  drawn  out  of  the  con- 
denser v,  by  means  of  the  forcing  pump,  which  discharges 
it  through  the  pipe  p,  into  the  generators,  for  the  re»jiro- 
duction  of  vapour/^ 
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Patent  Rotary   Steam  Engine,   by   Paul  Steenstrap,  of 
Baaing  Lane.     1828. 

The  above  dis^ram- exhibits  a  vertical  section  of  the 
engine,  a  is  the  section  of  a  cylinder  accurately  turned, 
and  bolted  at  each  end  to  a  plate  fr,  ground  perfectly  flat, 
c  ia  a  smaller  cylinder,  to  which  is  attached  a  rectangular 
piston  d;  this  piston  has  a  metallic  packing,  simitar  to 
that  in  Mr.  Galloway's  engine  (described  page  37,  rol.  I, 
N.  S.);  e  is  the  shaft  or  axis,  secured  by  screws  to  tlie 
small  cylinders,  and  turning  in  stuffing-boxes;  y  a  slide 
moving  in  circular  grooves,  cut  in  each  end-piece  of  the 
cylinder,  and  in  a  steam-tight  box ;  A  is  a  lever  connected 
by  gearing  to  the  shaft  of  the  engine,  and  serving  to  draw 
np  the  slide  into  the  box,  in  order  to  allow  the  piston  tt> 
pass.  The  elides  are  portiona  of  a  circle,  of  which  the 
axis  at  the  lever  k,  is  the  centre ;  k  is  the  steam  valve,  and 
the  hfllen  /,  the  eduction  passage. 

The  action  is  ax -follows: — The  slide/,  being  down, 
and  resting  on  the  interior  cylinder,  and  the  piston  in  thi* 
position  shewn  in  the  drawing,  the  steam  is  admitted  by 
the  valve  it,  which  impels  the  piston  in  the  direction  of 
the  arrow;,  and  when  the  piston  arrives  near  to  the  educ- 
tion passage,  the  steam  is  cut  ofl',  and  the  piston  is  carried 
past  the  eduction  passage  by  (he  impetus  of  a  fly-wheel 
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on  the  shaft  of  ihe  engine,  the  slide  being  previously- 
raised  into  the  box,  to  allow  the  piston  to  pass ;  when  the 
piston  has  passed,  the  steam  is  re«adniitted,  and  the  ope- 
ration repeated  and  continued. 

In  the  case  of  an  engine  that  never  requires  its  motion 
to  be  reversed,  only  one  slide  and  one  steam  valve  be- 
come necessary;  but  if  the  power  of  reversing  the  action 
of  the  engine  is  required,  there  must  be  two  slides,  and 
two  steam  passages,  as  shewn  in  the  drawing. 

The  leading  arrangements  in  this  engine  have  consider- 
able similarity  to  Mr.  Gralloway's  engine,  described  at 
page2W,  and  to  thatof  t|^e  Marquis  deCombis^*  described 
at  page  280;  the  variation  introduced  by  Mr.  Steenstrup 
of  a  curved  slider,  appears  to  us  not  to  possess  the  advan- 
tages'of  tjbei  rectilineal,  adopted  by  the  before-menti  ^ned 
inventors, :on.  account  of  ^.he  difficulty  of  fitting  the  curved 
parts  to  elich  other,  with  sufficient  accuracy  to  prevent  the 
waste  of  steam.  The  mode  of  packing  the  piston  has  the 
common  defect  of  inadequately  compensating  for  the  wear 
at  the  two  e^tr^me  rubbing  angles.  We  have  not  heard 
that  this  engine  has  ever  been  put  in  operation,  but  we 
make  no  doubt  that,  with  some  trifling  variations,  it  may 
be  made  to  perform  well. 


Patent  Rotary  Enginey  by  John  Evawy  Jun.  qf  Walling'- 

ford,  Berks.    1828. 

This  engine  is  composed  of  a  long  cylinder  a  a,  laid 
horizontally,  and  divided  into  two  equal  parts  by  a  disk, 
or  broad  flanch  6,  in  the  interior;  in  each  department  is 
a  drum  c(,  composed  of  two  concentric  cylinders,  cast  in 
one  piece,  and  a  channel  €,  is  formeii,  extending  the 
length  of  the  drum,  and  reaching  from  the  larger  to  the 
smaller  cylinder,  the  object  of  which  is  stated  to  be  to  o6- 
tain  greater  surface.  Through  these  drums  passes  an  axis 
fj  with  small  projecting  feathers,  fitting  into  correspond" 
ing  grooves  in  the  interior  cylinder  of  the  drum,  which 
tiuis  comes  round  the  axis.  Attached  to  the  periphery  of 
drum,  by  a  hinge,  is  a  fijajp  or  piston  9,  which  is  of 
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somewhat  greater  diameter  than  the  ehanael  i,  left  be- 
tween the  drum  and  the  exterior  cylinder  a,  and  placed 
immediately  over  the  cleft  or  channel  e.  The  drumB  are 
pressed  against  the  disk  i,  by  the  end  plates  i,  of  the 
same  diameter  as  the  cylinder  a,  and  having  their  upper 
surface  bevelled  round  the  rim,  to  receive  the  packing, 
which  is  covered  by  a  flat  hoop,  pressed  down  by  a  short 
cylinder  /,  by  screws  screwing  into  the  flanch  of  a,  so  that 
no  steam  can  escape  between  the  drum  and  the  disk  6,  or 
the  end  plates  k.  The  drums  must  be  so  placed  on  (he 
shaft/,  that  when  the  clefte,  of  onedrum  is  on  the  highest 
part  of  the  shaft,  that  on  the  other  drum  shall  be  on  the 
lowest  part  of  the  shaft.  Along  the  upper  side  of  the  cy- 
linder a,  is  fixed  a  groove,  through  which  descends  a 
stout  shutter,  on  to  the  drum  or  abatment  m,  faced  with 
bras^  and  having  above  it  a  packing  of  hemp  n,  covered 
with  a  piste  of  metal,  pressed  down  by  the  screws  o. 
The  steam  is  admitted  by  the  steam  pipe  p,  into  the  steam 
box  q,  (of  which  there  are  two,  one  to  each  drum,)  fur- 
nished with  a  slide  valve  r,  regulated  by  an  eccentric  on 
the  axis;  s  is  the  eduction  pipe.  The  steam  being  ad* 
mitted  into  one  compartment,  acts  against  the  shutter  lu, 
and  the  piston  g,  and  causes  the  drum  atid  shaft  to  re- 
volve ;  when,  by  the  revolution  of  the  drum,  the  piston  of 
the  other  drum  is  carried  past  the  aperture  inthestewR 
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boxy,  the  steam  is  admitted  to  it,  and  shut  off  from  the 
first  compartment,  and  the  revolution  of  the  shaft  is  thus 
continued,  by  the  admission  of  steam  into, each  compart- 
ment alternately,  during  half  a  revolution.  The  eduction 
pipe  may  communicate  either  with  the  condenser  or  the 
atmosphere. 

This  invention  is  so  similar,  in  its  general  features,  to 
numerous  rotatory  engines  before  proposed,  that  we 
should  not  have  given  it  a  place  in  our  work,  had  it  not 
been  to  notice  an  error,  into  which  we  should  have 
thought  it  impossible  for  a  person  describing  himself  as 
an  engineer  to  fall.  We  allude  to  the  forming  of  the 
cleft  e,  ^^  to  obtain  greater  surface  f  by  which  it  is  under- 
stood, that  the  steam  will  act  upon  the  surface  of  the  cleft, 
as  well  as  upon  the  piston  9,  whilst  the  steam  expended 
will  be  merely  that  comprised  in  the  space  between  the 
drum  and  the  cylinder  a. 

It  will  be  needless  to  observe,  that  the  steam  acting 
upon  each  side  of  the  cleft,  can  have  no  tendency  to  force 
the  piston  either  way ;  and  the  error  is  the  same,  as  if  we 
were  to  endeavour  to  augment  the  power  of  Bramah's 
press,  by  increasing,  not  the  diameter  of  the  rim,  but  that 
of  the  cylinder  containing  it. 

Patent  Steam  Engine,  by  Samuel  Clegg,  ofldverpooL  1828. 

This  engine  is  intended  to  afford  a  compensation  for 
the  variation  of  the  pressure  of  steam,  used  expansively, 
in  the  piston,  by  causing  a  weight  to  be  elevated  so  as  to 
cause  a  gradually*diminishing  resistance,  which  weight 
again  redacts  on  the  engine  with  a  power  gradually  in« 
creased  to  its  maximum.  The  operating  vessel,  in  which 
the  piston  moves,  consists  of  half  a  hollow  ring,  the  trans- 
verse section  of  which  is  square,  with  one  of  the  angles 
directed  towards  the  centre.  This  semi-annular  vessel  is 
placed  vertically,  with  its  two  extremities  in  a  horizontal 
line;  and  the  piston  is  made  to  traverse  it  in  the  same 
carve,  by  being  attached  to  one  end  of  a  solid  half  ring, 
of  the  same  form  as  the  interior  of  the  vessel,  and  nearly 
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of  the  same  size,  which  performs  the  offiice  of!  a  piston  r«id, 
and  which  guides  the  piston  in  its  circular  counsel -by  hav- 
ing its  other  more  remote  exU'euiity  united  lo  a  strong 
arm,  which  proceeds  in  the  radial  line,  froiti  a  stout  hori- 
zontal axle,  that  is  placed  in.  tile  centre  of  tjie  -circle,  <of 
which  the  curvature  of  the  semi-annular  vessel  forms  the 
moiety,)  at  right  angles  to  its  plane.  The  strong  radial 
arm  passes  across  through  the  end  of  tbe.solid  piston  con- 
nector, and  there  are  placed  in  it  two,  three,  or^roore  flat 
cylindrical  weights,  that  have  perforations  in  their  centres 
for  its  reception ;  the  number  of  those  weights  is  regulated, 
according  to  the  degree  of  the  primary  pressure  of  the 
steam  employed,  which  they,  together  with  the  solid  piston 
connector,  ai-e  intended  to  compensate  as  beforewmentioned ; 
this  they  perform  by  pressing  JBOst  on  the  piston,  when  they 
approach  jclose  to  the. end  of  the  semi-annular  vessel  (at 
which  time  the  piston  is  at  its  other  extremity),  and  as 
they  arise  in  their  circular  track,  and  the  radial  arm,  to 
which  they  are  attached,  more  and  more  ascends  from  wt 
horizontal  position  to  one  that  is  vertical,  their  pressure 
on. the  piston  gradually  diminishes  until,  it  ei^trely  ceases^ 
wlien  the  radial  arm  is  situated  as  last'-mentioned.  To 
connect  this  engine  with  a  fly-wheel,  two  other  rsdial 
arms  proceed  from  the  main  axle  before  noticed,  nearly 
at  right  angles  to  each  other,  and  having  strong  pivots 
fixed  at  right  angles  to  them  on  their  outer  extremities; 
rollers  are  placed  on  these  pivots,  which  facilitate  their 
action  on  the  upper  internal  side  of  a  hollow  vertical  tri- 
angular frame ;  the  lower  an^Ie  of  which  is  placed  per* 
pendicularly  beneath  the  main  axle,  and  near  the  inner 
side  of  the  semi-annalar  vessel,  where  it  is  attached  to  a 
horizontal  pivot,  that  lies  parallel  to  the  main  axle ;  and 
at  the  inner  upper  side  of  this  triangular  frame,  a  large 
rounded  projection  is  placed  between  the  two  roHers  just 
mentioned,  that  performs  the  office  of  a  tooth  oir  a  large 
scale,  in  which  the  rollers  act,  as  well  as  on  the  internal 
radial  sides  of  the  triangular  frame,  and  are  again  re- 
acted on  hy  them,  as  the  piston  apparatus  performs  its 
alternating  movements,  in  conjunction  with  the  revolu- 
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tions  of  the  fly-wheel;  to  a  crank  on  the  axle  of  which,  a 
connecting  bar  passes  forwards  from  a  pivot  at  the  top  of 
the  triangular  frame. 

The  engine,  in  the  slate  described,  is  analogous  to  a 
single  steam  engine,  and  will  of  course  not  act  so  fiivoura- 
bly  on  the  fly-wheel  as  a  double  one;  to  obtain  the  ad* 
vantage  of  which  latter,  a  second  engine,  constructed  in 
all  respects  similar  to  that  described,  is  connected  in  the 
same  manner  to  the  same  main  axle,  but  in  a  reversed  po- 
sition, close  to  the  side  of  the  first,  so  that  the  movements 
of  the  pistons  of  the  two  alternate. in  opposite  directions; 
the  ends  of  the  semi-annular  vessels,  through  which  the 
piston  connectors  pass,  being  opposite  to  each  oth  :t,  and 
the  radial  arm  of  the  latter  (by  n  hich  its  piston  cor  nector 
acts  on  the  main  axle)  beJIig  at  ri^j^ht  angles  to  that  of  the 
radial  arm  of  the  former,  when  the  compensating  %  eights 
of  one  engine  are  rising,  those  of  the  other  will  d<  scend, 
and  when  they  are  descending,  the  reverse  will  occir  with 
the  others. 

Engines  of  this  kind  may  be  worked  by  steaAi  from 
boilers  of  any  approved  construction,  which  must  be  con- 
veyed into  the  ends  of  their  semi-annular  vessels,  that  are 
most  remote  from  those  through  which  the  piston  connec- 
tors pass ;  and  from  the  same  ends  tubes  must  proceed  to 
the  condenser,  or  to  the  open  air,  whichever  is  most  suit- 
able to  the  application  of  the  engine;  these  ends  must  of 
course  be  closed  by  steam-tight  lids,  while  the  opposite 
ends  are  to  have  stufiing-boxes,  to  shut  up  the  narrow  in- 
terval between  the  solid  piston  connectors  and  the  moUthd 
of  the  semi-annular  vessels;  the  valves,  and  the  apparatus  ' 
for  working  them,  may  be  of  any  approved  construction. 

We  fear  much  that  the  compensating  appendages  intro- 
duced by  Mr.  Clegg,  will  by  no  means  compensate  for 
their  cumbersomeness  and  inconvenience,  especially  as  so 
little  can  possibly  be  gained  beyond  that  of  a  judiciously- 
prppprtipned  common  engine,  working  expansively;  the 
attempt  is,  however,  praiseworthy,  and  the  arrangements 
proposed,  novel  and  ingemoas. 

5*1.  b  A 
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Patent  Steam  and  Atmo^aheric  Engine,  by  Thomai  Ttppett^ 
tff  CfweHttap,  ComioiUl.   1828. 

The  above  diaf^ram  is  explanatory  of  a  new  modjiica- 
tion  of  the  steam  engine  by  a  practical  engineer;  it  com- 
bines the  principles  of  the  hiirh-pregaure,  working  partly 
by  expansion,  (he  condensing,  and  (he  atniospherir  engino. 

There  are  (wo  working  cylinders,  one  termed  the  arr 
cylinder,  and  marked  4,  .the  o(lier  (he  steam  cylinder, 
and  marked  I,  as  those  tigiires  denote  the  prof)ortiona(e 
capacities  of  (he  two;  the  pVttnns  in  each  work  (ogether 
in  the  sam**  direction;  their  rods  a  and  6,  are  therefore 
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connected  to  the  reciprocating  beam  e  c,  upon  one  side  at 
the  fulcrum,  and  at  the  end  of  the  beam  on  the  other  side 
(not  shown),  the  power  is  communicated,  by  means  of  a 
rod  and  crank,  to  a  fly-wheel,  the  momentum  of.  which 
gives  motion  to  whatever  machinery  may  be  connected 
to  it. 

The  air  cylinder  4,  is  -open  at  top  to  the  atmosphere, 
but  closed  at  bottom;  the  steam.: cylinder  1,  is  closed  at 
both  ends ;  d  is  a  pipe  communicating  from  the  top  of  the 
steam  cylinder  to  the  bottom  of  the  air  cylinder  4,  by  the 
valve  box  e;  /and  g  are  also  valve  boxes,  for  supplying 
and  cutting  off  the  steam  on  each  side  of  the  piston  in  the 
steam  cylinder  1 ;  A  A  is  an  eduction  pipe  from  both  cy- 
linders, leading  to  the  condeiisers  k;  at  /  is  a  valve  in  the 
pipe  71,  leading  from  the  condenser  to  the  air-pump  o, 
worked  by  a  rod  p,  attached  to  the  beam  c;  9  is  a  rod,  by 
which  the  apparatus  connected  with  the  vi^lves  are  worked, 
but  which  is  not  introduced  into  the  drawing,  sis  they  are 
of  the  ordinary  construction ;  the  steam  from  the  boiler  is 
received  at  r,  for  working  the  engine. 

In  setting  the  engine  to  work,  steam  is  allowed  to  blow 
through  the  engine  in  the  usual  manner,  to  expel  the  air 
and  heat  the  cylinders ;  the  action  is  commenced  by  open- 
ing the  communications  with  the  lower  ends  of  the  cylin- 
ders for  supplying  them  with  steam  under  their  pistons; 
the  eduction  valves  leading  to  the  condenser  are  then 
opened,  by  which  tneans  the  steam  is  condensed,  and  a 
partial  vacuum  effected  under  both  pistons.  At  that  in- 
stant, steam  at  a  high  pressure  is  introduced  at  /,  above 
the  piston  in  cylinder  1,  which  forces  down  its  piston,  and 
as  the  atmosphere  at  the  same  time  presses  down  the. piston 
in  cylinder  4,  they  are  thus  propelled  together.  This 
action  leaves  the  atmosphere  pressing  upon  the  piston  at 
the  bottom  of  the  cylinder  4,  and  cylinder  1  full  of  steam. 
To  overcome  these  opposing  forces,  and  reverse  the  action 
of  the  pistons,  the  communication  between  the  upper  end 
of  cylinder  1,  and  the  lower  end  of  cylinder  4,  is  opened, 
while  steam  from  the  boiler  is  introduced  at  9,  under  the 
piston  iiicy  Under  1 ;  the  excess  of  force  of  the  fresh  steam 
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drives  the  small  piston  upward,  while  the  steam  that  was 
above  the  same,  acting  expansively,  overcomes  the  pres- 
sure of  the  atmosp^tere  in  the  cylinder  4,  drivinfc  its  piston 
also  apward.  Both  pistons  being:  again  4t  the^  lop:  of 
their  respective  cylinders,  the  steam  underneath /ihem  is 
again  condensed,  and  the  downward  stroke  repeated,  by 
the  uniied  force  of  high^pressure  steam  and  that  of  the 
atmosphere,  in  the  miinner  already  described. 


Patent  Steam  Engine^lnf  John  Udny^  M.D.   Umehomej 

1826. 

This  is  an  engine  on  the  high-pressure  plan,  and  con* 
sists  of  three  cylinders,  all  attached,  by  their  piston  rods 
and  parallel  motion,  to  one  end  of  the  working  beam ;  two 
of  these  vessels  are  smaller  than  the  third,  and  are  placed 
in  the  same  vertical  plane,  so  that  one  rod  serves  for  both 
pistons,  by  passing  through  a  stuffing-box  between  the 


VDKY  •  BXPANBtON  BNOINB.  7SS 

upper  and  the  lower  cylinders.  These  cylinders  are 
marked  a  and  by  and  the  third^  or  gpreat  cylinder,  c.  The 
two  first  cylinders  receive  the  steam  in  succession  from 
the  boiler,  and  from  them  it  enters  the  lar^r  one  c,  and 
expands  into  a  greater  volume,  d,  e,  and/,  are  the  three 
pistons,  with  their  respective  rods,  which  being  on  one 
side  of  the  beam,  consequently  rise  and  fall  together,  h  is 
a  pipe  from  the  boiler,  from  which  a  branch  pipe  passes 
to  each  of  the  first  action  cylinders  a  and  6,  entering  a  at 
its  bottom,  arid  b  at  its  top ;  so  that  the  steam,  as  it  is  pro- 
duced, will  act  on  the  under  surface  of  the  piston  d,  and 
on  the  upper  face  of  e.  i  and  J,  are  two  pipes  from  the 
top  and  bottom  of  a  and  b  respectively,  to  a  pipe  k,  com* 
mon  to  both,  by  which  any  steam  that  may  remain  in  a  or 
i,  after  the  final  expansion,  is  conveyed  into  the  main 
tube  Ij  whence  it  escapes  into  the  atmosphere,  m  and  n 
are  two  pipes  from  the  opposite  ends  of  the  cylinder  c, 
and  connected  to  the  main  tube  /• 

By  these  arrangements,  a  communication  is  alternately 
opened  between  the  spaces  on  each  side  of  the  piston/  in 
the  cylinder  c,  and  the  atmosphere,  o  and  p  are  pipes 
from  the  cylinders  a  and  fi,  to  a  valve*box,  from  which 
branches  the  pipes  q  and  r,  which  open  into  both  ends  of 
the  expansion  vessel  c ;  and  by  them  the  elastic  vapour 
which  had,  in  the  first  instance,  acted  in  a  and  A,  is  con« 
veyed  into  e  successively,  on  both  sides  of  the  piston. 
s  and  t  are  pipes  leading  from  one  end  of  each  of  the  cy« 
linders  a  and  6,  to  the  other  respectively ;  and  by  them 
the  dense  steam  is  permitted  to  expand  from  the  side  of 
the  pistons  d  and  e,  in  which  it  had  operated,  from  the 
boiler,  to  the  opposite  sides,  so  as  to  equalise  the  density 
and  pressure  in  these  two  vessels. 

Now  suppose  the  pistons  are  required  to  ascend  ;  then 
the  branch  of  the  pipe  A,  which  conducts  the  steam  from 
the  boiler  to  beneath  the  piston  d,  and  the  pipe  t,  from 
above  that  piston  to  the  air,  the  steam  will  therefore  force 
npf  the  piston  d,  with  its  full  power,  as  it  is  produced  (less 
the  atmospheric  pressure)  as  is  the  case  in*the  present  high* 
pressure  engine ;  but  at  the  time  that  this  is  taking  place. 
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the  steam  which  had,  in  the  form^^r  stroke,  forced  down  the 
piston  €,  and  which  after  having;  so  defiressed  it,  at  the 
commeneement  of  the  moTenient  just  described,-  existed 
above  the  piston,  in  a  dense  state,  will  be  suflfered  to  dilate 
by  the  pipe  f,  and  pase  under  the  piston,  so  as  to  make 
equal  pressure  on  both  of  its  surfeices,  and  admit  of  its 
being  carried  back  to  the  top  of  its  cylinder,*  without  any 
material  opposition.  The  concentrated  steam  is  also 
allowed  farther  to  expand  through  the  pipes  p  and  r,  on 
the  under  surface  of  the  piston^  having  the  internal  sor- 
tice  of  the  cylinder  6,  as  a  fixed  point  of  abutment,  and 
the  pipes  m  and  I  being  open  to  the  air,  the  piston/ will 
be  raised  with  the  full  expansive  effort  of  tbe<elastsc  va- 
pour. <^  Thus,''  (says  the  patentee)  ''  both  the  power  of 
the  steam,  as  it  increases  in  quantity,  and  its  inherent  pro- 
perty of  expansibility,  are  at  the  same  time  and  constantly 
obtained."  To  produce  the  descent  of  the  pistons,  the  re- 
verse set  of  pipes  to  those  named  will  be  opened  and  these 
already  mentioned  shut,  which  Jt  is  needless  to  describe 
more  at  length. . 

The  inventor  estimates  the  relative  value  in  fiower  of 
the. common  high-pressure  engine,  and  his. improved  one, 
in  the  following  manner  : 

^^  Let  it  be  imagined,  that  the  piston  of  the.oirdiaary  en- 
gine, and  the  first-action  pistons  of  the  niaw.  engine,  each 
to  contain  one  hundred  superficial  inches ;  and  that  steam 
of  forty-five  pounds  per  inch,  over  the  .atmospheric  pres- 
sure, is  in  each. case  employed;  then  the  whole.power*  of 
the  old  engine  would  be  four  thousand  fi vie  hundred 
pounds^  exclusive  of  friction  ;  aiid  the  same  would,  be  the 
product -of  the  first  .operation,  in  the  improved  machine. 
But  steam  of  this  density  (sixty  pounds)  will  dilate  on 
four  times  the  surface,  (the  stroke  being  the  same)  and 
still  balance  the  atmosphere;  we  have  therefore  to  add 
the  m^an  between  45  and  0,  on  four  hundred  inches,  or 
twenty^wo  anid  ahalf  pounds  per  inch,  which  will  be  equal 
to  nine  thousf^nd  pounds  more«  If  five  hundred  pounds 
be  taken  off  fof  friction  in  the  present  used  engine^  four 
thousand  pounds  will  remain ;  and  if  three  thousand  five 
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hundred  pounds  be  allowed  from  this  one  for  the  same  rea- 
son, no  less  than  ten  thousand  pounds  will  be  left ;  and 
large  and  ample  as  this  deduction  for  friction,  &c.  is.  if 
even  two  thousand  pounds  more  be  subtracted,  the  power 
of  this  machine  would  be  double  that  of  the  present  one, 
from  the  same  fuel ;"  and  he  further  adds,  that  ^in  the  con- 
densing modification  of  the-engine,  the  result  will  be  still 
greater,  and  such  application  of  the  principle  will  be  easily 
conceived.*' 

Mr.  Udny's  arrangement  is  both  novel  and  curious, 
but  we  are  not  convinced  by  his  argument  that  any  gain 
in  effect  results  therefrom.  He  claims  for  himself  the 
having  obtained,  '^  both  the  power  of  the  steam,  as  it  in- 
creases in  quantity,  and  its  inherent  property  of  expan* 
sibiiity  at  the  same  time,^'  whereas  those  powers  are  already 
obtained  in  the  common  high-pressure  engines,  working 
expansively,  which  they  generally  do  to  a  greater  or  less 
extent ;  and  from  the  superior  simplicity  of  the  latter, 
therd  is  much  less  friction,  and  the  cost' of  construction 
much  less. 

The  same  gentleman  included  under  his  patent  a  de- 
scription of  a  rotary  engine,  which  was  intended  to  operate 
by  the  gravity  of  a  fluid,  or  metal  that  is  fusible  at  the 
boiling  point  of  water,  acting  on  <the  circumference  of  a 
wheel,  and  which  is  propelled  ffoin  on^  vessel  at  or  near 
the  bottom  of  the  •said-wheel,  by  the  power  of  steam,  into 
another  vessel  at  the  topj  fn  the- following  manner : — 

*^  In  the  annexed  figure  is  an  axle  or  gadgeon,  which 
must  be  fixed;  alone  end  it  Is  hollow,  up  to  the  inside 
nave,  where  the  wheel  revolveii,  which  hollow  is  divided 
into  two.  The  moHth  of -one  of  those  openings  points 
upwards, and  the  other  downwards;  or  two  pipes  run  into 
this  axle  as  fkr  as  o  and  x";  *  the'  first  being  from  the  con^ 
denser,  or  atmosphere,  and  the  second,  «,  from  the  boiler. 
In  another. part  of  this  axle,  at  m,  a  perforation  runs 
through  the  axle.  On  this  axle,  or  gudgeon,  is  strung  a 
double  wheel,  which' rotates  freely  on  it;  one  of  the  naves 
of  the  said  wheel  being^over  the  mouth  of  the  holes  o  and 
Sf  and  the  other  revolving  at  m.    This  double  wheel  has 
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cylinders  (any  number)  placed 
between  its  side  at  the  circuni* 
ference,  every  two  being  oppo- 
site ;  the  ends  of  these  cylinders 
being  at  the  internal  part  of  the 
rim  of  each  wheel,  as  B  and  C» 
In  them  may  be  pistons,  as  1 
and  2.  Pipes,  which  may  be 
the  arms  or  spokes  of  the  wheel, 
are  to  run  from  one  cylinder  to 
the  other,  at  each  end  of  said 
cylinders;  and  thus  each  radius 
will  be  alternately  the  steam  , 
pipe  and  the  eduction  one,  as  it 
comes  to  the  pipe  over  the  axle 
marked  o,  to  the  condenser  un- 
der the  hole  marked  x,  the  mouth 
of  the  pipe  to  the  boiler.  No 
▼alves  will  be  necessary,  but  a 
cock,  to  shut  offtlie  steam  from 
the  axle  when  wished. 

^'  N0W9  suppose  C  to  have 
come  to  the  bottom  full  of  fluid, 
the  gravity  of  which  will  have 
turned  the  wheel  into  the  now 
imagined  position.  The  pipe  I, 
will  then  present  its  opening  to  the  mouth  of  the  pipe  in 
the  axle  x,  leading  from  the  boiler ;  while  the  mouth  of 
the  pipe  2,  will  be  in  contact  with  the  mouth  of  the  pipe 
o,  in  the  axle,  leading  to  the  condenser.  A  vacuum  will 
therefore  exist  on  one  side  of  the  piston  7,  in  B,  and  the 
steam  will  pour  into  C,  in  the  direction  of  the  arrow  be- 
hind its  piston  6,  forcing  it  along,  and  propelling  the  fluid 
on  the  other  side  of  it,  up  the  pipes  3  and  4,  into  B.  When 
B  comes  to  the  bottofn,  the  reverse  will  take  place ;  2  will 
be  opposite  the  mouth  of  the  steam  pipe  «,  and  1,  the 
eduction  one,o.  The  steam  will  flow  into  B,  and^ the  fluid 
be  propelled  from  it  up  to  C,  and  so  on.**  t 
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Paieni  Sieam  Engim^  without  Pistansj  by  R   Wiltiams, 
of  Tabernacle  Walk^  London.  1839. 

The  object  of  the  patentee  is  to  obviate  the  expensive 
wear  and  attendant  friction  of  metallic  or  packed  pistons, 
moving  in  cylinders;  and  this  he  effects  by  having  his 
steam  cylinders  open  at  one  end,  and  inverted  in  a  vessel 
of  dense  fluid,  which  will  require  a  much  greater  heat  to 
convert  it  into  vapour  than  water;  so  that  steam  being 
admitted  successively  into  the  cylinders,  three  in  numbec, 
which  are  attached  by  rods  to  a  three-throw  crank,  they 
are  forced  up  in  succession,  and  give  motion  to  a  shaft, 
which  may  be  attached,  in  the  usual  way,  to  any  machi* 
nery  required  to  be  put  in  motion* 

The  drawings  attached  to  the  specification  of  this  pa- 
tent represent,  situated  over  a  furnace,  an  oblong  boiler, 
about  half  filled  with  water,  the  remainder  being  occu- 
pied with  steam.  Above  the  boiler  is  bolted  thereto, 
by  means  of  projecting  flanges,  the  dense  fluid  vessel,  of 
the  same  area,  but  of  greater  depth  than  the  boiler.  To 
the  bottom  of  the  upper  vessel,  (which  is  about  two-thirds 
filled  with  oil)  are  fixed,  in  a  vertical  position,  three 
steam  reservoirs,  of  a  cylindrical  form,  with  hemispherical 
tops,  and  the  steam  is  supplied  to  them  from  the  boiler 
underneath,  through  apertures  regulated  by  sliding-valves. 
Over  each  of  these  reservoirs  are  placed  three  inverted 
vessels  (or  substitutes  for  pistons),  which  are  of  consider- 
ably greater  capacity,  their  upper  extremitiea,  which  are 
hemispherical,  being  attached  to  the  rods  of  the  three- 
throw  crank  before-mentioned.  In  the  upper  part  of 
these  vessels  are  valves  for  the  escape  of  the  steam^  which 
open  when  their  stems  strike  against  the  top  of  the  oil* 
vessel,  and  the  steam  thus  discharged  over  the  surface  is 
carried  ofi^  by  a  lateral  pipe  into  a  condenser. 

Supposing  one  of  the  three  vessels  < which  are  raised 
and  depressed  successively  by  the  rotation  of  a  crank)  to 
be  submerged  in  the  oil,  and  at  its  lowest  ooint  of  descent^ 
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it  thereby  opens  a  conical  valve  in  the  upper  part  of  the 
steam  reservoir,  which  it  encloses,  or  "  caps  over  ;*'  the 
steam  passing  then  out  of  the  reservoir  into  the  external 
vessel,  raises  the  latter  with  a  force  equal  to  the  difference 
between  the  specific  gravity  of  the  cylinder  full  of  steam, 
and  the  oil  (or  other  dense  fluid)  in  which  it  is  immersed, 
and  through  the  instrumentality  of  the  three-throw  crank, 
each  of  the  cylinders  is  brought  successively  to  operate 
in  the  same  manner. 

We  suspect  the  patentee  has  overrated  the  imperfec- 
tions of  steam  engines  of  the  usual  construction,  as  well 
as  the  power  to  be  derived  from  his  own,  which,  to  pro- 
duce an  effect  equal  to  an  engine  of  the  common  construc- 
tion, of  forty  or  fifty  horses  power,  would  require  to  be 
made  of  a  very  inconvenient  magnitude.* 


Rotary  Steam  Engine^  by  Thomas  Smith,  Derby.    1829 

This  engine,  which  displays  much  ingenuity,  differs  from 
all  other  rotary  engines  in  its  having  no  fixed  fulcrum  for 
the  steam  to  act  against ;  but  it  has  two  vanes  or  pistons 
turning  upon  axes,  whose  centres  of  motion  are  coincident 
with  each  other,  and  with  the  axis  of  the  cylinder  into 
which  they  fit  steam-tight.  The  axes  of  these  two  vanes 
or  pistons  are  connected  by  a  train  of  eccentric  toothed 
wheels,  which  cause  them  to  revolve  with  different  velo- 
cities, so  that  the  pressure  of  steam  between  the  vanes  can 
take  place  with  their  moving,  and  having  got  to  that  posi- 
tion when  the  vane  which  was  moving  quickest,  passes  the 
eduction  pipe,  and  the  one  which  was  movin^^  slowest, 
passes  the  supply  pipe,  situated  about  one-sixth  of  the 
circumference  of  the  cylinder  from  the  eduction  pipe,  the 
position  of  the  wheel  work  is  so  far  changed,  that  the  first 
vane  then  moves  slowly,  and  the  second  quickly  ;  and  thus 
a  continuous  rotary  motion  is  produced,  which  may  be 
>ipplied  to   give  motion   to  machinery,   or   in   pumping 

*  A  drawing  of  this  engine  is  given  in  the  Register  ofArtMfhtm 
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water,  if  motion  be  communicated  to  the  apparatus,  and 
the  supply  pipe  made  to  communicate  with  the  water  to 
be  raised. 


Patent  Steam  Enginey  by  Elijah  Galloway  ^  of  London.  1829. 

The  improvements  here  contemplated  consist  of  arrange- 
ments, by  which  a  continuous  rotary  motion  is  obtained 
from  an  alternating^  circular  motion  of  a  piston  or  flap, 
vibrating^  within  a  hollow  cylinder,  on  an  axis  coincident 
with  the  axis  of  the  cylinder.  The  piston  in  this  instance 
is  a  rectangular  flap,  whose  length  is  equal  to  the  interior 
length,  and  its  breadth  equal  to  the  radius  of  the  cylinder. 
Three  sides  of  the  piston  are  made  to  fit  the  interior  of 
the  cylinder  steam-tight,  by  metallic  or  other  packing, 
and  the  fourth  side  is  attached  to  an  axis,  with  which  it 
vibrates,  making  about  three  fourths  of  a  revolution  at 
each  vibration.  It  is  scarcely  necessary  to  remark  here 
that  the  steam  is  admitted  on  the  opposite  sides  of  the  pis- 
ton, alternately  through  the  medium  of  a  two-way  cock, 
or  shifting  valve,  acted  upon  by  the  motion  of  the  appa- 
ratus. The  force  of  the  steam  thus  exerted  upon  the  pis- 
ton is  transmitted  to  a  fly-wheel,  and  thence  to  any  required 
purpose,  in  the  following  manner : — To  one  end  of  the 
piston  axis,  which  is  passed  through  the  end  of  the  cylin* 
der,  is  fixed  a  crank,  which,  by  acting  in  a  longitudinal 
slit,  in  the  middle  of  a  lever  moving  on  a  fixed  pivot  at 
one  end,  alternately  elevates  and  depresses  the  other,  and 
thus  through  the  medium  of  a  connecting  rod,  communi- 
cates m  'M*  n  to  the  fly-wheel. 

Although  this  engine  is  the  invention  of  the  author  of 
the  ^^  History,"  or  first  part  of  this  work,  we  have  not  had 
an  opportunity  of  seeing  it  in  action;  we  are  however  cre- 
dibly informed  that  its  performance  is  very  satisfactory  ;•— 
The  foregoing  brief  description  is  given  after  having 
perused  the  specification  of  the  patent  at  the  Enrolment 
Ofiice. 
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Pjteni  Steam  Engine^  by  Moses  Poole,    Londouy  1829. 

This  invention  is  stated  to  have  been  communicated  to 
the  patentee  by  a  foreigner  residing  abroad,  and  this  cir- 
enmstance  will  account  for  its  want  of  novelty.  Notwith- 
standing which,  it  is,  we  are  informed,  patronised  and 
adopted,  by  Mr.  Gurney  and  his  colleagues,  in  the  coa^ 
struction  of  their  steam  coaches ;  that  being  the  case,  it 
may  be  presumed  to  possess  some  advantages ;  we  accord- 
ingly give  it  insertion  here,  without,  however,  entertain- 
ing a  favourable  opinion  of  its  merits. 

The  invention  consists  of  a  steam  boiler,  composed  of  a 
series  of  straight  tubes,  placed  horizontally,  some  under^ 
others  over,  and  some  on  each  side  of  the  fire.  The  first 
tube  is  joined  to  the  second  at  one  end,  and  the- second  is 
joined  to  the  third  at  the  other,  so  that  the  whole  boiler 
consists,  in  effect,  of  one  continuous  tube.  Through  tbia 
the  water  is  driven  by  a  force-pump,  and  when  sufficiently 
heated,  it  is  admitted  into  a  vessel  called  a  separator,  and 
thence  conveyed  to  the  working  cylinders.  From  the  cy- 
linders, the  steam  is  conveyed,  still  in  a  highly-elastic 
state,  to  a  reservoir,  from  which  it  escapes  by  four  very 
small  apertures  up  the  chimney,  carrying  with  it  the  air 
in  the  chimney,  and  by  that  means  creates  a  current, 
which  may  be  increased  or  diminished  at  pleasure,  by 
an  alteration  of  the  apertures  through  which  the  steam 
escapes;  which  apertures  must  never  be  so  large  as  to 
allow  the  steam  to  escape  from  the  reservoir  so  fast  as 
to  diminish  its  elasticity;  a  circumstance  which  would 
cause  an  irregularity  in  the  passage  of  the  steam,  and  con- 
sequently of  the  draught  oPair  through  the  chimney 

When  this  apparatus  is  applied  to  a  locomotive  car- 
liage  (the  specification  states),  it  is  necessary  to  supply 
water  to  the  boiler  before  the  carriage  starts,  as  well  as 
during  occasional  stoppages,  which  the  patentee  purposes 
to  effect  by  hand,  or  by  lifting  the  wheels  off  the  ground^ 
and  then  working  the  pimp  by  the  engine,  as  the  wheels 
may  then  turn  without  propelling  the  carriage. 
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The  carriage  is  lifted  by  a  lever  exteDdiog  from  the 
azletree^or  a  fixed  point, near  it,  and  reaching  a  few 
inches  farther  than  the  circamference  of  the  wheel ;  and 
when  this  lever. is  brought  directly-^under  the  wh^el,  by 
winding  a  chain  fVoni  it  on  a  drum,  or  drawing  it  by  a 
piston  in  a  small  steam  cylinder,  the  wheel  is  at  liberty  to 
turn  freely.  The  patentee  purposes  to  use  the  same  con- 
trivance as  a  drag  to  impede  the  progress  of  a  carriage 
when  depcending  iiills. 

Hydraulic  Steam  Engine,   bp  John  Cailinj  Cfincinnatij 

Ohio,  U.S.  1889. 

This  is,  in  fact,  an  engine  working  entirely  upon  the 
principle  of  Savery's  engine.  It  is  said  to  be  ^^  peculiarly 
applicable. to  mills  already  erected  on  streams  which  fail 
during  part  of  the  year,  as  the  expense  of  constructing  it  is 
much  less  than  of  an  ordinary  steam  engine  of  equal  power.'' 

Savery's  engine,  as  usually  described,  was  to  operate 
both  as  a  sucking  and  forcing-pump.  The  water  being 
first  raised  by  the  pressure  of  the  atmosphere  into  a  cham* 
ber,  in  which  a  vacuum  has  been  produced  by  the  conden- 
sation of  steam  acting  upon  the  surface  of  the  water.  In 
the  arrangement  now  proposed,  the  forcing  operation  is 
the  only  one  employed.  Two  or  more  cylinders  are  made 
of  wood,  and  are  placed  in  the  reservoir  from  which  the 
water  is  to  be  raised,  so  that  it  will  flow  into  them  with- 
out the  aid  of  a  vacuum.  Wood  is  chosen,  because  it  is  a 
bad  conductor  of  heat.  Floats  of  wood  are  to  rise  and 
fall  within  these  cylinders,  and  are  to  operate  as  pistons; 
they  are  to  be  ^^  closely  fitted,  without  touching  the  sides, 
to  separate  the  steam  from  the  surface  of  the  water,  and 
thereby  prevents  its  condensation."  After  these  cylinders 
have  been  tilled  with  water,  through  a  valve  in  their  bot- 
toms, steam  is  to  be  admitted  into  them  above  the  float, 
und  is,  by  its  elasticity,  to  force  the  water  to  the  required 
height.     The  patentee  says: — 

*'  The  improvement  fur  which  I  claim  an  exclusive  pri- 
vilege is,  the  use  of  wood,  or  other  non-conducting  mate- 
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rials,  to  construct  the  vessels,  or  cylinders,  and  flosls^ 
above  described,  and  to  line  with  the  same  material,  iroo^ 
or  other  metallic  vessels  or  cylinders,  for  the  alternate  re- 
ception and  discharge  of  steam  and  water.*' 

It  will  be  no  easy  task  to  fit  the  floats  closely  withoyi 
touching  the  sideSj  so  as  to  prevent  the  water  from  passing 
above  them,  when  under  the  pressure  of  a  high  column  in 
the  rising  shafts.  Th^  slowness  with  which  wood  con- 
ducts heat,  would  be  an  advantage  in  this  plan,  but  the 
impossibility  of  making  it  keep  its  form  and  dimensions, 
under  the  action  of  water  and  steam,  will  render  some  un- 
mentioned  provision  necessary,  or  it  must  be  fatal  to  the 
whole  scheme.  Steam  of  two  atmospheres  will  be  neees* 
sary  to  raise  water  to  the  height  of  thirty  feet,  on  this 
plan. 

In  situations  where  fuel  is  cheap,  an  economical  engine 
for  raising  water  from  a  tail-race  into  a  <lam,  might  be 
advantageously  employed  during  seasons  of  drought;  but 
it  rarely  happens  that  there  is  a  supply  in  the  tail-race, 
when  there  is  a  deficiency  in  the  dam ;  it  is,  therefore,  in 
but  few  places  that  such  an  apparatus  would  be  of  any 
avail ;  it  has,  however,  been  effected  in  some  places,  but 
the  very  nature  of  things  forbids  its  frequent  adoption.* 

Patent  Steam  Engine^  by  Thomas  Banksj  Patiicrofy  Lan^^ 

cashire.   18S9. 

Mr.  Banks  describes  two  improvements  in  connexion 
with  the  steam  engine ;  the  first  applicable  to  the  supply 
of  oil,  or  other  lubricating  material,  to  the  piston,  and  the 
second,  to  the  supply  of  steam  to  the  cylinder.  The  oil, 
or  melted  tallow,  which  the  patentee  prefers,  is  conveyed 
through  the  piston  rod,  made  hollow  .for  the  purpose,  to  a 
ring  situated  half-way  between  the  top  and  bottom  plates 
of  the  piston.  This  ring  being  made  open  towards  the 
cylinder,  which  it  approaches  very  near  to,  affords  an 
abundant  and  uniform  supply.  The  tallow  is  introduced 
into  the  hollow  piston  rod,  by  means  of  a  vessel  precisely 

^  Journal  of  the  Franklin  Institnte 
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Kke  a  tobacco*pipe,  with  its  shank  stuck  into  its  side,  and 
its  mouth  turned  upwards,  for  the  reception  of  the  tallow. 
The  second  part  of  the  invention  consists  of  a  revolving 
pipe,  for  the  passage  of  the  steam  alternately  above  and 
below  the  piston,  and  from  the  cylinder  to  the  condenser, 
or  to  escape,  when  no  condenser  is  used.  The  revolving 
pipe  extends  the  length  of  the  cylinder,  and  has,  at  each 
end,  two  apertures  on  opposite  sides,  and  a  fixed  partition 
twisted  into  half  a  spiral,  so  as  to  form  a  communication 
between  the  upper  opening  c  n  one  side,  and  the  lower 
opening  on  the  other.  On  the  upper  end  of  the  revolving 
pipe  is  placed  a  collar,  through  which  an  opening  com- 
municates on  one  side  with  the  boiler,  and  on  the  other 
with  the  cylinder;  and  the  lower  end  turns  in  a  similar 
collar,  with  communications  from  the  cylinder  on  one  side, 
and  the  condenser  on  the  other.  Now  it  is  evident,  from 
the  position  of  the  spiral  partition,  that  each  opening  at 
the  top  is  connected  with  the  opposite  opening  at  the  bot- 
tom ;  and  hence,  as  the  pipe  revolves,  the  communications 
are  alternately  opened  between  the  boiler  and  one  side  of 
the  piston,  and  the  condenser  and  the  other.  This  is  an 
application  of  the  principle  of  the  two-way  cock,  which 
poss^ses  considerable  ingenuity,  and  may  be  found,  in 
some  cases,  very  serviceable. 

Patent  Improvements  in  Steam  Engines^  by  W.  Churchy  qf 

Birmingham.    1829. 

The  improvements  here  contemplated,  are  applicable 
to  the  supply  of  fuel  to  the  fire,  to  the  boiler,  the  me^od 
of  opening  and  closing  the  steam  passages,  the  whole  ar* 
rangement  of  the  different  parts  of  the  engine,  and  its 
application  to  propelling  vessels,  through  the  medium  of 
propelling  wheels  of  a  peculiar  description. 

The  fire-feeding  apparatus  consists  of  a  coal-hopper, 
having  at  its  lowei  extremity  a  small  revolving  roller, 
with  four  vanes,  which  transfers  the  coals  in  small  quan* 
tities  from  the  hopper  to  a  plate  situated  within  the  fur- 
nace doors,  and  somewhat  higher  than  the  surface  of  tlia 
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fire.  From  this  plate  the  coals  are  driven  forwards,  and 
scattered  over  the  fire  by  a  projecting  rake,  which  fills 
the  aperture  through  which'it  passes,  having  on  its  upper 
surface  a  flat  plate  extending  under  the  hopper,  when  the 
rake  is  driven  forward,  and  thus  communication  with  the 
air  is  prevented.  The  rake  is  actuated  by  the  engine, 
through  the  medium  of  a  series  of  levers. 

The  boiler  proposed  by  Mr.  Church  is  of  the  tubular 
kind,  in  which  the  fire  is  made  to  play  round  the  tubes, 
with  a  peculiar  arrangement  of- connecting  pipes  proceed- 
ing from  the  upper  part  of  one  tube  to  nearly  the  lower 
part  of  another,  according  to  its  elevation;  by  this,  thlB 
quantity  of  water  and  steam  in  each  is  regulated. 

Two  plans  of  opening  and  shutting  the  steam  passages 
are  described.  In  the  first  place,  the  steam  is  admitted 
into  the  cylinder,  and  permitted  to  escape  from  it  through 
holes  in  its  top  and  bottom  plates,  by  means  of  additional 
plates  with  smaller  holes,  which  are  alternately  brought 
opposite  the  holes  communicating  with  the  cylinder,  the 
boiler,  and  the  condenser.  The  cylinder  is 'furnished  with 
a  jacket  or  steam  chamber,  extending  above  and  below, 
lis  well  as  round  it.  The  exterior  top  and  bottom  plates 
are  made,  by  means  of  a  crank-motion,  to  oscillate,  and 
thus  the  communications  between  the  cylinifer  and  boiler, 
and  cylinder  and  condenser,  are  alternately  opened  and 
closed.  A  plan  similar  to  this,  was  introduced  eight  or 
ten  years  ago,  by  Mr.  Jacob  Perkins,  who  caused  his 
communication -plates  to  rotate,  instead*  of  vibrate  (see 
page  S45,  valve  e).  A  second  plan  of  opening  and  shut- 
ting the  steam  passages,  is  described  to  consist  of  two  flap- 
valves,  placed  in  a  pip^,  which  comniunicates  with  the 
boiler  at  one  end,  and  the  condenser  at  the  other.  A  com- 
munication is  opened  from  the  top  of  the  cylinder  and  the 
space  between  the  valves,  which  are  joined  by  a  connect- 
ing rod,  so  that  the  motion  which  opens  one  shuts  the  other, 
and  the  upper  part  .of  the  cylinder  is  constantly  in  com- 
munication either  with  the  boiler  or  condenser.  A  similar 
set  of  valves  and  pipes  effect  the  same  thing  between  the 
lower  part  of  the  cylinder  and  these  vessels. 
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3Uam  and  Oas  Engtne^  by  WUIiam  WiUmot  Ballj  ^ 

Baliimorej  America. 

This  engine,  which  is  applicable  to  all  the  porposes  for 
which  steam  engines  have  been  usoally  employed,  is  acta* 
ated  by  a  mixture  of  steam  and  gas,  in  the  following 
manner.  Into  a  steam  boiler^  of  any  convenient  form,  is 
introduced  a  pump,  called,  by  the  patentee,  a  gas  pump, 
in  capacity  abolit  two-thirds  of  the  working  cylinder  of 
the  engine.  This  gas-pump  is  ^de  on  the  double-action 
principle,  and  receives  its  supply  of  gas,  or  heated  elastic 
fluid,  from  the  chimney  flue,  which  is  made  to  pass  through 
the  boiler,  by  a  pipe  communicating  with  the  top,  and 
another  with  the  bottom  of  the  pump;  both  these  supply- 
pipes  are  furnished  with  valves,  opening  towards  the 
pump,  which  is  likewise  Airnished  with  two  outlet  pipes, 
commuuicating,  the  one  from  its  top  and  the  other  from 
its  bottom,  into  the  upper  or  steam  parts  of  the  boiler* 
These  pipes  are  likewise  furnished  with  valves,  but  open- 
ing in  a  contrary  direction  to  the  others,  or  from  the  pump 
towards  the  boiler. 

The  packing  of  this  pump-piston  must  be  metallic,  and 
the  valves,  or  the  communication  between  the  chimney  and 
pump,  must  be  lined  with  platina,  to  prevent  their  being 
injured  by  heat. 

The  piston  rod  of  the  gas-pump  passes  through  a  stufi^- 
iug*box  at  the  top  of  the  boiler,  and  is  connected  with 
and  actuated  by  the  working  cylinder  of  the  engine.  After 
the  steam  is  up,  and  the  engine  thereby  put  in  motion,  the 
chimney  is  closed  by  a  damper,  situated  just  above  the  in- 
sertion of  the  supply-pipes,  when  the  hot  elastic  fluids 
issuing  from  the  fire,  are  pumped  into  the  upper  part  of 
the  boiler,  where  they  mingle  with  the  steam,  and  are  coo'^ 
veyed  in  the  usual  way  to  the  working  cylinder. 

We  cannot  ascertain,  either  from  the  title  or  the  speci- 
fication of  this  patent,  whether  the  patentee  intends,  by 
his  invention,  to  improve  the  effect  of  steam  in  actuating 
32.  Ac 
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machinery,  or  to  destroy  the  disagreeable  effluvia  arising 
from  the  flues  of  engines,  by  mixing  it  with  the  steam  in 
the  boiBer;  .we^hottld  imagine,  however,  that  h^  intends 
the  latter,  as  he  gives,  in  the  same  specification,  a  descrip- 
tion of  a  method  of  supplying  the  furnace  uniformly  with 
coals.  Anfd  thid  he  effects  by  placing  over  the  faraace  a 
hopper,  with  a  moveable  piston^shaped  bottom,  perforated 
with  a  number  of  circular  holes,  about  six  inches  dia- 
lAeter.  This  hopper  bottom  is  furnished  with  a  vertical 
rod^  by  which  it  is  suddenly  lifted  and  let  fall  by  every 
stroke  of  the  engine,  thus  agitating  the  fuel  in  the  bop- 
pet,  and  ptrodncing  a  regular  supply  through  the  circular 
holes  in  the  bottom  plate. 

Broderip^s  Improvements  in  Steam  Engines^  patented  by 
Joseph  D^Arcy^  cf  Leicester  Square.  1829. 

(As  Legatee  to  the  Inventor.) 

By  this  invention  it  was  proposed  to  Connect  the  upper 
end  of  the  piston  rod  immediately  to  the  crank  by  which 
rotary  motion  is  produced,  without  the  intervention  of 
guide  rods,  or  parallel  motion;  neither  does  he  require 
the  cylinder  to  oscillate;  but  he  makes  the  piston  rod  to 
accommodate  itself  to  the  different  positions  of  the  crank  by 
vibrating,  and  for  that  purpose  it  is  attached  to  the  piston 
by  a  hinge  joint.  And  the  stuffing-box  through  which  it 
passes  is  made  to  slide  in  a  dove-tail  shaped  groove,  back* 
wards  and  forwards,  across  the  top  of  the  cylinder ;  while 
that  part  of  the  box,  through  which  the  piston  rod  passes, 
has  a  small  oscillating  motion  on  steam-tight  joints,  that 
it  may  retain  the  position  of  the  piston  rod. 

Instead  of  this  sliding  stuffing-box  apparatus,  the  paten- 
tee purposes,  under  certain  circumstances,  to  surl'ound  the 
vibrating  piston  rod  by  a  cylinder  which  is  attached  steam- 
tight  to  the  piston,  and  made  sufficiently  wide  for  the  pis- 
ton to  vibrate  within  it.  In  this  case,  it  is  evident,  that 
the  inclosing  cylinder,  and  not  the  piston  rod,  must  work 
steam-tight  through  the  stuffing-box. 

It  is  not  very  clear  what  advantage  the  patentee  had  m 
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view  by  these  arrangements,  but  it  is  probable  that  he 
has  overrated  the  imperfections  of  the  parallel  motion  and 
the  sling-connecting  rods  and  guides  usually  employed;  as 
it  is  perfectly  evident,  that  either  of  the  plans  which  he 
has  patented  will  add  to  the  difficulty  and  expense  of 
manufacture^  and  also  to  the  waste  of  power,  by  an  increase 
of  the  rubbing  surfaces;  whether  they  be  in  the  form  of 
a  sliding  stuffing-box,  or  the  enlarged  cylinder,  working 
through  a  stuffing-box  of  the  usual  construction.     Be- 
sides, in  the  latter  plan,  the  area  of  the  upper  side  of  the 
piston  is  so  much  diminished  by  the  piston  rod  case,  that 
the  difference  between  the  force  of  the  steam  exerted  on 
the  upper  and  under  sides  of  the  piston,  will  cause  an 
irregularity  in  the  operation. 

In  addition  to  these  inventions^  the  patentee  describes 
a  method  of  transmitting  motion  from  one  part  of  machi- 
Dei;y  to  another,  which  consists  of  similar  cranks,  connected 
together  by  rods  either  straight  or  branched ;  and  this  is 
si^id  to  be  very  useful  on  board  of  steam  vessels;  but  it  is 
really  a  contrivance  possessing  so  little  originality  and 
importance,  that  workmen  have  long  been  accustomed  to 
design  siich  plans,  whenever  they  required  to  transmit 
motion  to  different  parts  of  a  factory,  or  of  a  machine, 
without  ever  imagining  that  they  had  invented  any  thing 
worth  protecting  by  his  Majesty's  letters- patent,  or  even 
communicating  to  their  fellow-workmen. 


Patent  Steam  Engine^  by  E.  and  J.  Dateynej  of  Darby 

Dak^  Derbyshire.   1890. 

This  invention  consists  of  a  hollow  spherical  vessel, 
having  within  it  a  moveable  globe;  of  a  diameter  conai* 
derably  smaller  than  the  interior  diamieter  of  the  hollow 
sphere. 

From  the  upjper  part  of  the  interior  ball  proceeds  a 
tapering  rod,  which  passes  through  a  large  hole  in  the 
hollow  sphere,  and  turns  with  a  conical  motion,  giving 
'motion  to  a  horizontal  crank  and  a  train  of  wheels.   /To 
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the  equator  of  the  ball)  regarding  the  tapering  rod  as  its 
pole,  is  attached  a  flat  ring,  which  extends  to  and  fits 
steam-tight  within  the  hollow  sphere.  On  one  side  of  this 
ring  a  notch  is  made,  to  admit  two  communications,  the 
one  for  the  ingress*  and  the  other  for  the  egress  of  the 
steam  or  other  fluid  by  which  the  machine  is  to  he  put  i^ 
motion. 

Now,  suppose  the  ring  to  be  raised  on  the  side  next  to 
the  passages,  the  steam  water  or  other  actuating  fluid  can 
enter,  but  cannot  pass  round  to  the  egress  passages,  without 
raising  the  ring  on  the  opposite  side ;  and  it  cannot,  firom 
its  connexion  with  the  crank,  be  raised  on  the  i^posite 
side,  without  causing  the  tapering  bar  to  describe  a  coni- 
cal motion,  which  is  converted  into  a  circular  motion, 
through  the  instrumentality  of  the  crank 

Patent  Steam  Engine^  by  W,  Chrisenthwaite^  Esq.  of  Not- 

tingham.     1830. 

The  certain  improvements  here  contemplated  are  of  the 
nost  extraordinary  kind  we  have  ever  met  with,  in  a  spe* 
eification  of  a  patented  invention ;  for  it  is  merely  said  to 
be  the  application  of  iron  weights  with  the  mercury  or 
other  fluid  metallic  substance  in  the  rotary  engine  patented 
by  Mr.  James  Watt,  in  1769.  The  iron  weights  are  to  be 
furnished  with  anti-friction  rollers,  to  facilitate  their  mo- 
tion in  the  channel  of  the  wheel.  The  present  patentee 
does  not  describe  the  engine  to  which  he  is  to  apply  his 
improvements  I  and  as  Mr.  Watt  invented  and  patented 
several,  and  notices  them  in  the  following  vague  terms, 
it  is  difficult  to  comprehend  the  precise  nature  of  the  pre- 
-sent  invention.  Mr.  Watt  says,  ^^  When  motions  round 
an  axis  are  required,  I  make  the  steam  vessels  in  form  of 
hollow  rings  or  circular  channels,  with  proper  inlets  and 
outlets  for  the  steam  mounted  on  horizontal  axes,  like  the 
wheels  of  a  water  nrilL  Within  them  are  placed  a  aum« 
ber  of  valves,  that  suffer  any  body  to  go  round  the  chau- 
nel  in  one  direction  only.  In  these  steam  vessels  are 
placed  weights,  so  fitted  to  them  as  eiitirely  to  fill  up  a  part 
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or  portion  of  their  channels,  yet  rendered  capable  of  mov- 
ing freely  in  them,  by  the  means  hereinafter  mentioned  or 
specified.  When  the  steam  is  admitted  into  these  engines 
between  these  weights  and  valves,  it  acts  equally  on  both, 
so  as  to  raise  the  weight  to  one  side  of  the  wheel,  and  by 
the  refaction  on  the  valves,  successively  to  give  a  circular 
motion  to  the  wheel,  the  valves  opening  in  the  direction  in 
which  the  weights  are  pressed,  but  not  on  the  cdntrary.  As 
the  steam  vessel  moves  round,  it  is  supplied  with  steam  from 
the  boiler,  and  that  which  has  performed  its  office,  may 
either  be  discharged  by  means  of  condensers^  or  into  the 
open  air.'* 

In  addition  to  the  improvements  on  Mr.  Watt's  rotary 
engine,  Mrv  Grisenthwaite  claims  the  application  of  mer- 
cury to  the  rubbing  parts  of  machinery  generally,  instead 
of  oil  or  other  lubricating  material* 

Patent  Steam  Engine^  by  Betyamin  Reeves^  Philadelphia 

1830. 

The  claim  of  the  patentee,  (which  only  extends  to  the 
United  States,)  exhibits  pretty  fully  the  general  object  of 
the  patent;  it  is  in  the  following  words  :  '^  What  I  claim 
as  new,  as  my  own  invention,  b  a  mode  or  modes,  by  which 
lubricating  substances  may  be  applied  to  the  interior  sur- 
face of  cylinders  or  other  vessels,  in  which  moving  pistons 
operate,  in  steam,  hydraulic,  or  other  engines,  in  such  a 
manner  as  to  prevent  their  escape  to  the  cavity  of  the 
cylinder,  or  other  vessel^  other  than  by  contact  with  their 
surfaces." 

Several  modes,  it  is  said,  may  be  adopted  for  the  purpose 
indicated,  and  one  of  which  is  described  in  the  specifica- 
tion ;  it  consists  in  leaving  a  cavity  around  the  piston,  in 
the  centre  of  the  packing,  which  cavity  is  to  receive  the 
Inbricating  substance.  A  ring  of  iron,  or  other  metal, 
is  made  of  the  sise  of  the  interior  of  the  cylinder ;  a  groove 
is  formed  on  the  outer  edge  of  this  ring,  and  when  the  pis 
ton  is  packed,  the  ring  is  to  be  inserted  in  the  middle  of  it. 
A  tube,  with  a  funnel  and  cock  attached  to  it,  passes 
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through  the  side  of  tie  cylinder,  and  whenever  the  piston 
is  brought  to  rest  with  the  cavity  opposite  to  the  tube^ 
the  lubricating  matter  may  be  admitted.  There  is  a  second 
tube  and  cock  on  the  opposite  side  of  the  cylinder,  to  allow 
of  the  escape  of  air  or  vapour,  which  might  obstruct  the 
influx  of  the  lubricating  fluid.  '^The  lubricator  maybe 
supplied,  when  the  engipe  is  in  0]:eration,  by  means  of 
cams,  or  other  contrivance.** 


Patent  Rotary  Steam  Engine^  by  John  Street,  Esq.,  of 

Clifton,  Gloucestershire.  1890. 

Mr.  Street  purposes  to  place  upon  the  same  axis  two 
cylinders,  so  arranged  with  respect  to^the  steam*  passages, 
that  the  communication  beween  the  boiler  and  the  cylin- 
der is  opened  to  the  one,  while  it  is  closed  to  the  other ; 
and  thus  the  action  on  the  axis  is  kept  up  by  one  of  the 
cylinders,  during  the  time  that  a  piston  or  fan,  which  is 
attached  to  the  axis,  passes  a  steam  stop,  which  is  made  to 
fold  back  in  a  recess  in  the  upper  part  of  the  cylinder. 

The  admission  of  the  steam  into  the  cylinder  is  by 
means  of  a  hollow  axis,  which  turns  within' thehlj  and 
through  the  medium  of  which  the  power  is  to  be  commu- 
nicated to  any  required  purpose.  A  steam  pipe  from  the 
boiler  terminates  in  a  box  through  which  the  hollow  axis 
passes,  being  rendered  steam-tight,  by  packing  on  each 
side.  Several  longitudinal  openings  are  made  into  that 
part  of  the  axis  wliich  is  within  the  box.  The  area  of  these 
openings  being  made  equal  to  the  interior  area  of' the 
steam  pipe.  By  this  means  the  hollow  axis  becomes 
charged  with  steam,  which  passes  from  hence  into  the  cy- 
linders, by  two  pipes  in  connexion  with  two  other  steam 
boxes,  which  fit  steam-tight  where  there  are  openings  on  op^ 
posite  sides  of  the  axis,  so  that  the  communication  is  alwltys 
open  to  one  of  the  cylinders,  while  it  is  shut  off  from  the 
other.  The  cylinders  are  both  fixed  on  firm  stands,  mad 
there  is  placed  within  each,  a  rectwgular  piston  or  fhn, 
which  is  to  be  fixed  on  one  edge  to  the  axis,  and  packed 
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•o  as  to  work  steam-tight,  against  the  periphery  and  ends 
of  the  cylinder.  As  a  steam-stop,  a  rectangular  piece  is 
jointed  to  the  upper  part  of  the  cylinder,  and  turns  back 
into  a  recess,  while  the  piston  passes  it.  One  of  the  pivots 
on  which  the  steam-stop  turns,  passes  through  a  stuiSog- 
box,  and  has  attached  to  it  a  lever,  with  a  weight  to  con- 
stitute a  counterpoise  to  the  steam-stop ;  of  tbe  recess  into 
which  th6  steam-stop  turns  is  made  large  enough  to  admit 
of  a  counterpoise  being  applied  within  the  steam-tight 
cylinder.  The  steam-stop  is  made  to  fall  into  the  position 
of  its  action,  either  by  its  own  gravity^  or  else  it  is  actu- 
ated by  exterior  cams  or  eccentrics. 

Mr.  Street  proposes  another  method  of  admitting  the 
steam  into  the  cylinders,  which  he  states  may  be  some- 
times employed  with  advantage;  it  consists  of  two  valves 
attached  to  the  extremities  of  a  lever  turning  upon  a  ful- 
crum at  its  middle,  by  which  one  of  the  valves  is  opened 
upwards  and  the  other  downwards  at  the  same  time. 
These  valves,  with  their  seats,  are  included  in  an  enlarged 
part  of  the  steam  passage,  and  they  are  actuated  by  a 
lever,  the  extremity  of  which  rests  upon  the  periphery  of 
a  wheel,  and  by  dropping  into  a  notch  on  one  side  of  the 
wheel,  the  valves  are  opened. 


Improvements  in  Steam  Engines,  by  WiUiam  Tutin  Hoff- 

craft,  M.D.  Greenwich.   1890. 

It  has  been  found,  as  stated  by  Dr.  Haycraft,  thatsteaip 
surcharged  with  caloric,  or  such  as  has  been  angmented 
in  temperature,  after  it  has  assumed  the  gaseous  state^  is 
exceedingly  difficult  to  keep  from  passing  the  piston  jin 
the  working  cylinder,  and  from  injuring  the  packing,.^ 
made  of  hemp  or  similar  material,  as  well  s^s  from  caifbo- 
nising  the  tallow  or  oil  used  for  lubricating  the  cylinder 
and  piston. 

The  patentee  having  ascertained,  experimentally,  that 
the  elasticity  and  power  of  steam  can,  by  the  application 
of  heat  after  the  steam  is  generated,  be  greatly  augmented, 
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witli  a  comparaliTely  small  :onsaniptk>n  of  fuel^  set  about 
inventing  an  engine  to  be  worked  with  surcharged  steam^ 
without  its  being  liable  to  the  objections  above  alluded 
to.  The  plan  by  which  he  purposes  to  preserve  the  piston 
packing  and  oil  from  being  carbonised,  and  at  the  same 
time  to  prevent  the  high-pressure  steam  from  passing  the 
piston  on  which  it  presses,  is  to  keep  water  on\he  under 
side  of  the  piston,  while  the  steam  only  acts  on  the  upper 
side.  This  he  effects  by  placing  his  boiler  in  a  position 
higher  than  the  working  cylinder,  and  making  a  commu- 
nication from  the  bottom  of  the  boiler  to  the  lower  end  of 
the  cylinder,  and  from  the  top  of  the  boiler  to  the  upper 
end  of  the  cylinder.  The  piston  rod,  which  passes  through 
the  bottom  of  the  cylinder,  is  made  so  thick,  that  the 
square  of  its  diameter  shall  be  just  half  the  square  of  the 
diameter  of  the  cylinder,  or  that  the  area  of  a  section  of 
the  piston  rod  shall  be  half  the  area  of  the  lower  side  of 
the  piston.  This  being  the  case,  it  is  evident  'that  the 
water  can  only  press  upon  half  the  area  of  the  piston,  the 
thick  piston  rod  occupying  the  other  half,  while  the  steam 
acts  upon  the  whole  area  of  the  upper  sides ;  hence,  when 
the  steam  passage  from  the  top  of  the  boiler  and  the  up- 
per end  of  the  cylinder  is  open,  the  piston  will  be  forced 
down  with  a  power  of  tioo,  while  it  is  resisted,  by  the 
water-passage  from  the  bottom  of  the  boiler  to  the  lower 
end  of  the  cylinder,  being  open  by  the  power  of  onei  so 
that  it  will  descend  with  a  power  of  one,  and  when  it 
reaches  the  bottom,  the  steam  communication  is  stopped 
off,  while  the  steam,  now  in  the  cylinder,  is  allowed  to 
escape  through  an  eduction  valve;  when  the  piston  will 
ascend  by  the  pressure  of  the  water  below  it,  with  a  power 
of  one,  or  the  same  with  which  it  descended.  When  the 
piston  reaches  the  top  of  the  cylinder,  the  steam  passage 
is  again  opened,  and  the  eduction  cock  closed,  when  it 
will  be  forced  down  as  before ;  and  thus  a  constant  and 
uniform  action  is  obtained  by  the  acti<  n  of  water  on  one 
side  of  the  piston,  and  the  action  of  steam  on  the  other. 
When  it  is  inconvenient  to  place  the  boiler  higher  than 
the  working  cylinder,    a    water-cylinder  is   introduced^ 
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wUchiBnad*  to  Cottmuaicate  mtk  ihe  boiler,  and  tbuB 
answer  tbo  ume.purpoae  oa  the  elevated  boiler. 

The  contrivance  i»£o  in^ettious,  ibat  we  cumot  but  re- 
gnt  to  ootic«  what  may-,  in  sOve  DdeaBure,  b«  dflemcd  A 
defect  J  but  it  will  readily  be  perceived,  that  an  iacreftt* 
of  frictioo  wiU  result  frotn  tbe^nlargenent  of  the  pittiMt 
red.  The  arraDg^meot  of  the  diSerent  parts  of  thia  engiot 
will  be  at  oDoe  conprehended,  bj  inspeotiog  tfaA  actam* 
panying  eogr^y,ing^  where  a  a  represents  the  working 
cylinder,  with  its  piaton  6,  and  a  large  piston  rod  c,  pass- 
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ing  through  its  stniBng  bg  g.  dh  the  boiler^  witli  a  eoni- 
municattoD  €  e,  for  the  water  to  pass  freely  between  it  and 
the  lower  eod  of  the  cylinder,  //is  a  steam  communica- 
tion between  the  boiler  and  the  upper  end  of  the  cylinder, 
represented  as  broken  off.  In  connexion  with  this  steam 
passage,  is  a  two«way  cock,  of  the  usual  construction,  for 
permitting  the  steam  to  escape,  after  it  has  forced  the  pis- 
ton to  the  bottom  of  the  cylinder*  Sometimes  the  upper 
or  steam  end  of  the  cylinder  is  surrounded  by  a  portion  of 
the  flue,  to  continue  or  increase  the  elastic  force  of  the 
steam ;  but  when  this  plan  is  adopted,  the  cylinder  must 
be  protected  from  injury  by  a  coating  of  fire-brick,  or 
other  non-conducting  material. 

Several  ingenious  modifications  of  this  principle  of 
working  alternately  with  steam  and  water  are  described 
in  the  specification  of  the  patent,  which  are  deserving  of 
the  attention  of  engineers ;  but  from  the  drawings  given 
of  them,  (one  of  which  is  inserted  in  the  Register  of  Arts, 
&c«  for  January,  1S31,)  it  would  appear,  that  considerable 
obstruction  to  the  motion  of  the  piston  would  arise  from 
the  smallness  of  the  water  passages,  and  power  would  ne- 
cessarily be  wasted  in  causing  water  to  pass  through  pipes 
with  great  velocity.  There  will,  however,  be  but  little 
difficulty  in  adjusting  the  magnitude  of  the  various  parts 
of  the  apparatus,  to  avoid  all  imperfeetiona^of  this  descrip- 
tion. It  will  also  be  necessary  to  use  either  distilled  or 
very  carefully  filtered  water,  to  prevent  the  injury  to  the 
piston  and  cylinder,  which  would  be  caused  by  the  intrcH 
duction  of  sand^  or  other  gritty  matter. 


•TIIA4I  I^MOINB  JF1IBNACKS.  76& 


8TBAM  ENGINE  FURNACES 


About  ifty  years  Bgo^  when,  from  the  great  knpit>ve- 
laents  introdueed  by  Watt  and  hia  conteinporariesi  steaoft 
engines  becane  very  niioieroiis,  many  scientific  and  prac- 
tical men  directed  their  attention  to  the  discovery  of  some 
means  by  which  the  large  quantities  of  dense  black  smoke 
issuing  from  the  chimneys  of  the  furnaces  (so  prejudicial 
to  the  comfort,  if  not  to  the  health,  of  the  neighbouring 
inhabitants,)  might  be  prevented.  Numerous  were  the 
plans  tried  to  consume  the  smoke,  and  although  some 
were  partially  successful,  tliey  were  found  generally 
either  inconvenient,  or  occasioning  a  greater  consumption 
of  fuel,  so  as  to  lead  to  no  advantageous  result  to  the 
proprietors,  however  the  public  might  be  benefited  by 
'  their  adoption.  These  circumstances  led  to  the  abandon- 
ment of  most  of  the  plans,  except  in  those  instances 
wherein  the  proprietors  were  compelled  to  their  adoption 
and  continuation  by  indictments  for  public  nuisances- 

Wilb  the  laudable  object  in  view  of  reducing  the  great 
and  growing  evil  of  dense  smoke  in  populoug  places,  the 
Society  for  the  Encouragement  of  Arts,  &c..  have,  for 
nearly  fifty  years  past,  offered  a  reward  for  -  the -best  me- 
thod of  consuming  smoke  in  steam  engines  and  other  fur- 
naces. The  constant  notification  of  this*  reward  has  pra- 
.bably  tended  to  keep  the  subject  alive  in  the  miads  of 
inventors,  but  it  does  not  appear  to- have  been  productive 
of  many  plans  being  submitted  to  the  Society,  that  could 
be  deemed  of  any  great  practical  value.  (The  only  one 
which  we  are  aware  of,  that  has  any  claim  to  this  charac- 
ter, was  the  invention  of  Mr.  Robert  Chapman^  in  1823^ 
which  we  shall  deiBcribe  in  its  place.)  The  intrinsie  value  of 
the  reward  was  most  likely  deemed  by  inventors  as  a  very 
trifling  compensation  for  a  discovery  which  was  calculated 
io  ^^  make  their  fortunes,*'  and  induced  them  to  prefer  in** 
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earring  the  cost  of  patents,  and  thus  take  a  great  deai  of 
money  out  of  their  pockets,  instead  of  putting  a  little  in; 
viewing  their  inventions,  of  course,  as  the  nephu  ultra  of 
perfection,  aiHl  con&deatly  anticipaliag' golden  harvests 
as  their  results. 

It  has  been  usual  to  consider  Mr.  fVatt  as  the  earliest 
inventor  of  a  fiimaoe  for  the  combustion  of  its  offm  smoke, 
and  perhaps,  as  respects  Els  application  to  steaiii^ngi^e 
furnaces^  the  idea  is  correct*  Is  France,  appliralils  f0r 
the  puipose  was  osed  in  many  manufactories,  in  thei^vea- 
teenth  century.  In  the  volume  of  the  Acadeaiy  4>f 
Sciences  for  1699,  some  expwiments^  by  M.  de  la  Hire,  are 
given,  which  have  reference  to  an  invtetion,  maiie  many 
years  previous,  by  M.  Delasme,  a  French  engineer.  Tile 
latter,  we  are  tcdd,  -exhibited  his  furnace  for  conaumii)g 
its  own  smoke  at  the  fiiirof  St.  Germain,  in  the  year 
1685.* 

The  fire-place  of  M*  Delasme  cdnsisted  of  a  long  tube, 
bended  into  the  form  of  a  syphon  inverted,  the  longest 
leg  of  which  formed  the  chimney,  and  the  shortest  the 
furnace.  The  fuel  was  deposited  on  a  grating  near  the 
top  of  the  shortest  leg,  being  supplied  from  above.  Soon 
after  the  ignition  of  .the  fuel,  the  heat  was  comiittnicated 
to  the  longest  leg  or  chimney,  and  by  that  means  a  current 
of  air  was  caused  to  pass  downwardi,  through  the  fuel  and 
under  the  grate,'  where  the  smoke  was  consumed. 

Delasme's  apparatus  was  described  in  Dr.  Boerhaave*s 
Treatise  on  Chemigtry,  and  likewise  in  Annales  de  Chimie, 
for  1809;  in  a  repiort  made  by  M.  Ouytoo  Morveau  and 
De  Proney,  on  a  itietlidd  emiployidd  «rt  the  mint,  in  Paris, 
Vy  M.  Gengembre,  to  eomume  the  smcdLe  of  a  steam 
engine  fbrnace;  and  as  "Some  of  the  observations  of  thdse 
gentlemen  seem  to  afford  a  very  dear  view  of  the  thec^ 
retical  part  of  the  subject,  we  shall  here  transcribe  them 
from  an  Englirfi  translation. 

It  is  i#ell  known  that  black  smoke  is  fofcmed  of  the  vo^ 
latilised  parts  of  the  fdel,  which  are  suspended /in  the 

»■  ■  ■        ■  ■  ■.■■.■■-■■   »^."*. <     ■■       ■■  I  I     <|«H    I  I  ■_«...  ,,      ,      ,m,^ 

"    *  6ee  Transfltetions  of  the  Royal  Socisty,  vol.  tint  pag^  7^ 


trvmspareiit  gatfes  i^iveii  out  in  the  jproces^  of  eodbb'iistioti. 
Tlieae  yolatilised  parts  are,  as  it  weire,  lost  to  the  fire, 
partly  because  the  mass  of  atr  which  yielded  die  ojtygen 
was  not  in  a  proper  proportion  to  the  quantity  of  the  fuel, 
and  partly  because  the  fuel  was  not  sufficiently  heated  to 
decompose  thm  air  with  which  it  was  in  contact.  The  re- 
ceAt  progress  which  the  theory  aid  praotroe  of  the  arts 
whiob  depend  iipoii 'chemistry  hstm  misde  in  France,  have 
furnished,  for  some  years  past,  several  inifik>rtant  occasions 
of  finding  out  the  best  method  of  fulfilling  the  conditions 
necessary  for  a  complete  combustion,  frcie  from  any  iiicon- 
veniences ;  the  principal  of  which  are  t-— 

First,  such  a  disposition  of  the  fire-place,  that  a  cur- 
rent of  air  may  be  established,  flowing  through  the  door, 
or  some  opening  into  the  pipe  6r  chiomey,  by  which  the 
gases^  set  free  by  the  combustion,  are  allowed  to  escape. 

Second,  the  flowing  upon  the  fuel  of  a  mass  of  air,  in  a 
due  proportion  to  the  quantity  of  fuel^  and  in  such  a  man- 
ner that  the  fuel  shall  find,  in  the  air  which  comes  iii  con- 
tact with  it,  such  a  quantity  of  oxygen,  that  all  the  mole- 
cules of  the  fuel,  which  are  capable  of  being  combined 
with  that  c<Mistituent  part  of  the  air,  shall  unite  with  it. 

In  the  month  of  June,  1785,  Mr.  Watt  took  out  patents 
for  several  methods  of  consuming  the  smoke  of  furnaces ; 
and  as  several  modern  patents  present  great  similarity  to 
Mr.  Watt'sy  we  shall  here  add  nearly  the  whole  of  his 
specification,  verbatim. 

<^  I,  the  said  James  Watt,  do  hereby  declare  that  the 
following  is  a  particular  description  of  the  nature  of  my 
said  invention,  and  in  what  manner  the  same  is  to  be  per- 
formed; that  is  to  say,  my  newly-improved  methods  of 
constructing  furnaoes  or  fire-places  consist  in  causing  the 
smoke  or  flame  of  the  fresh  fuel,  in  its  way  to  the  flues  or 
chimney,  to  pass,  together  with  a  current  of  fresh  air, 
through,  over,  or  among,  fuel  which  has  already  ceased 
to  smoke,  or  which  is  converted  into  coke,  chajrcoal,  or 
cinders,  and  which  is  intensely  hot ;  by  which  means  the 
smoke  and  grosser  parts  of  the  flame,  by  coming  into  close 
contact  with,  or  by  being  broogbt  -near  unto,  the  said  in- 


'736  VATT'8  PtiBNACM. 

tensely  hot  ftiel,  and  by  being  mixed  with  the  cnrreat  of 
'fresh  or  vnburned  air,  are  consumed  or  converted  into 
beat,  or  into  pure  flune  free  from  smoke. 

"  I  pitt  tbb  in  practice,  first,  by  stopping  op  ever; 
avenue  or  passage  to  the  chimney  or  flues,  except  such  a» 
are  left  in  the  interstices  of  the  fuel,  by  placing  the  fVesh 
fuel  abo'vB  or  nearer  to  the  external  air  than  that  which 
is  already  converted  into  coke  or  charcoal ;  and  by  con- 
structing the  fire-places  in  such  manner  that  the  flame, 
and  the  air  which  animates  the  fire,  must  pass  downwards, 
or  laterally,  or  borisontaiiy,  through  the  bnrning  fuel; 
and  pass  from  the  lower  part  or  internal  end  or  side  of  the 
fire-place,  to  the  flues  or  chimney." 

The  annexed  engraving  represents  a  section  of  a  steam- 
engine  boiler,  and  its  furnace  or  fire-place,  which  is  an 
example  of  this  method  of  heating  or  evaporating  of 
water. 

a  is  the  boiler ;  6  is  a  flue,  surrounding  the  boiler  in 
the  usual  manner ;  e  is  the  "  up-take,'"  or  passage  from  the 
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Bpaoe  under  the  boiler  to  the  flues;  d  is  a  flue  for  the 
flame  from  the  fire«place  to  the  boiler;  e  is  the  ash-pit,  and 
J  a  door  to  take  the  ashes  out  at,  which  must  be  continually 
kept  shut  during  the  time  of  working;  gh  is  the  fire-place. 
The  fresh  fuel  is  put  in  at  g^  and  gradually  comes  down, 
as  the  fresh  fuel  consumes.  About  the  middle  of  the  fuel 
it  is  intensely  hot,  as  it  consists  of  coke  or  coals  that  have 
ceased  to  smoke.  At  t  is  an  opening  or  openings  to  admit 
fresh  air,  and  regulate  the  fire;  it  is  a  door  into  the  space 
under  the  boiler,  which  being  opened,  admits  air,  and  stops 
the  draught  of  the  chimney,  when  it  is  intended  that  the 
operation  should  cease.  The  fire  is  first  lighted  upon  the 
brick  arch  l,  and,  when  well  ignited,  more  fuel  is  gradually 
added,  until  it  is  filled  up  to  9,  and  care  is  taken  to  leave 
proper  interstices  for  the  air  to  pass,  either  among  the 
fuel,  or  between  the  fuel  and  the  front  wall;  and  as  much 
air  is  admitted  at  the  opening  t  as  can  be  done,  without 
causing  the  smoke  to  ascend  perpendicularly  froni  g^  which 
it  would  do,  if  too  much  air  be  so  admitted.  The  dimen- 
sions of  the  various  parts  of  the  fire-place  may  be  estimated 
by  our  engraving,  which  is  upon  a  scale  of  a  quarter  of  an 
inch  to  a  foot ;  which  makes  the  furnace  ten  feet  from 
front  to  bade.  Mr  Watt  observes  that  the  dimensions 
exhibited  are  adjusted  for  burning  about  eighty-four 
pounds  of  coal  per  hour. 

^^  In  some  cases,  after  the  flame  hds  passed  through  the 
burning  fuel,  I  cause  it  to  pass  through  a  very  hot  funnel, 
flue,  or  oven,  before  it  comes  to  the  bottom  of  the  boiler, 
or  to  the  part  of  the  furnace  where  it  is  proposed  to  melt 
metal  or  perform  any  other  office,  by  which  means  the  smoke 
is  still  more  effectually  consumed. 

'^  In  other  cases,  I  cause  the  flame  to  pass  immediately 
firom  the  fire-place  into  the  space  under  a  boiler ^  or  into  the 
bed  of  a  melting  or  other  furnace.'* 

The  annexed  engraving  represents  a  vertical  section  of 
a  furnace  for  melting  iron  or  other  metals,  with  a  similar 
kind  of  fire-place  to  the  foregoing  adapted  to  it,  in  which 
the  same  letters  of  reference  as  in  the  preceding  figure 
indicate  similar  parts  in  this. 


The  specificMion  stmtea  thst—"  in  some  cases,  the  paK  g 
of  these  6re-plBceB  is  preferred  sloping,  and  otherwiae 
varied  m  fortn  and  propottioiia ;  but  in  all  cases  the  same 
principle,  that  of  placing  the  fresh  fnel  next  to  the  exter- 
nal air,  BO  that  the  flame  or  smoke  passes  over  or  throngb 
the  coked  or  charred  part  of  the  fuel.  Occasionally,  the 
opening  g  is  closed  with  a  cover,  to  cause  the  air  to  enter 
wholly  or  principally  at  i." 

The  folk>whig  figure  exhibits  another  arrangement  spe- 
cified in  the  same  patent,  and  the  principle  is  deserv- 
ing of  attention,  as  other  patents  have  been  subsequently 
token  out  for  similar  inventions,  arising  probably  from 
ignorance  of  this,  Which  the  public  shooM  kdow  u  open 
to  their  adoption. 

Mr.  Watt  observes, — "  In  some  cases  I  place  the  fresh 
fuel  on  a  grate,  as  usual,  as  at  a,  and  beyond  that  grate,  at 
or  near  the  place  where  the  flame  passes  into  the  flues  or 
ohimoeya,  I  place  another  smaller  grate  b,  on  which  I 
maintain  a  fire  of  charcoal,  coke,  or  coals,  which  have 
previonsly  burnt  until  they  have  ceased  to  smoke,  which, 
by  giving  intense  heat,  and  admitting  aome  fresh  air,  con- 
aui&es  the  smoke  of  the  first  fire. 

"  Lastly,  be  it  remembered,  that  my  said  new  inventiofi 
consists  only  in  the  method  of  consuming  the  smoke,  and 
increasing  the  heat,  by  causing  the  tmoie  and  fiame  laf  the 
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Jrah  fitd  to  pass  through  very  hot  JvmuU  or  pipiiy  elt 
among,  through,  or  near,  fuel  which  is  intensely  hot,  and 
which  boa  ceased  to  smoke ;  and  by  mixing  it  with  fTeah 
air,  when  in  these  cireumstanceB ;  and  in  the  form  and  ns- 
tare  of  the  fire-places  herein  mentioned,  described,  and 
delineated:  the  boilfers  and  other  parts  of  the  furnaces 
being  such  as  are  in  common  use.  And  be  it  also  remem- 
bered that  these  newly  invented  fire-places  are  applicable 
to  furnaces  for  almost  every  use  or  purpose." 

From  the  wording  of  Mr.  Watt's  claim,  it  is  evident 
that  he  could  not  have  sustained  his  patent,  had  it  been 
disputed :  the  words  we  hare  marked  in  italics  form  a 
literal  and  exact  description  of  Delasme's  invention,  just 
one  hundred  years  before.  This  fact  shows  that  Mr.  Watt 
was  nnacquainted  with  the  inventions  and  experiments  of 
the  French  engineers  to  which  we  have  adverted. 

The  next  record  of  an  apparatus  for  the  consumption  of 
smoke,  since  the  date  of  Mr.  Watt's  patent,  is  the  subject 
of  a  communication  made  to  Ihe  Society  of  Arts,  in  1790^ 
by  Mr.  W.  Pitt,  of  Pendeford,  near  Wolverhampton, 
wherein  he  describes  a  mode  of  converting  the  smoke 
uisinK  from  steam-engine  furnaces  into  tar,  with  a  view 
to  prerent  annoyuice  to  the  neighbourhood,  and  obtaiO' 

33.  Ab 
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ing  a  quantity  of  a  very  uaefal  material.    We  make  the 
following:  extracts  from  Mr.  Pitt's  letter : — 

<^  That  the  object  is  not  only  attainable^  will  be  demon- 
strated in  the  following  narrative ; — but  also  that  valuable 
articles  of  commerce  may  be  produced  in  large  qaantities, 
whenever  the  proprietors  of  such  works  shall  adopt  the 
mode  of  constructing  their  buildings  proper  for  such  pro  - 
duction. 

<^  The  articles  of  commerce  I  allude  to,  are  mineral  tar, 
pitch|  and  varnish  :  there  are  already  three  considerable 
works  erected  on  the  banks  of  the  canal  in  this  county,  for 
the  purpose  of  converting  the  smoke  of  pit«coal  into  the 
above  articles ;  the  one  at  Mr.  Wilkinson's  great  works  at 
Bradley,  another  at  Tipton,  and  a  third  at  the  level 
colliery  and  iron  works  upon  Dudley-wood ;  they  were 
erected  by  Lord  Dundonald  and  Co.,  and  the  business  is 
carried  on  with  audcess. 

.  ^^  These  tarnworks  are  erected  in  the  vicinity  of  large 
iron  wd  coal  works :  the  iron  masters  furnish  the  tar  works 
wMjL  raw  coal,  gratis,  and  receive  in  return  the  cokes  pro- 
duced by  such  coal;  find  the  proprietors  of  the  tar  works 
have  the  smoke  only  for  their  labour,  and  interest  of 
capital*  .     . 

^f  The  process  is  conducted  in  the  following  aianner: — 
a  range  of  eighteen  or  twenty  stoves  is  erected,  and  sup- 
plied with  coal  kept  burning  at  the  bottom ;  the  smoke  is 
conducted  by  proper  horizontal  tunnels,  into  a  capacious 
and  close  funnel,  of  one  hundred  yards  or  moi*e  ia.length ; 
this  funnel  is  built  with  brick,  supported  by  brick  arches, 
and  covered  on  the  top  by  a  shallow  pond  of  water,  which 
pond  is  supplied  with  water,  when  wanted,  by  a  steam 
engine  belonging  to  the  coal  or  iron  works ;  the  chill  of 
th^  water  gradually  condensing  the  smoke,  it  falls  upon 
the  floor  of  the  funnel  in  the  form  of  tar,  and  is  conveyed 
by  proper  pipes  into  a  receiver,  from  whence  it  is  pumped 
into  a  large  boiler,  and  boiled  to  a  proper  conmtence,  or 
othei:wi8e  ii^pissated  into  pitch :  when  the  latter  is  the 
case,  the  volatile  particles  which  arise  during  the  inspissa* 
tio9  are  again  condensed  into  an  oil  used  for  varnish*  ••     • 
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'^  In  this  process  the  smoke  is  decompoised  and  destroyed, 
nothings  arising  from  the  work  but  a  white  VBpf6ur  froim' 
some  small  funnels,  (k^pt  open  to  give  draught  to  the 
fires),  and  a  small  evaporation  of  irater  from  the  poiid, 
occagioned  by  the  warmth  of  the  smoke  within  the  funnel. 

'*The  process  requires  bat  little  attendance^  the  prfrici- 
pal  labour  being  that  of  supplying  the  fuel.  '  Tn'  any  one 
of  the  tar  works,  the  quantity  of  coal'  used  is  'ftbout  twenty 
tons  per  day ;  three  labourers,  with  a  t^rtm^hy  aire  sivffi- 
cient  for  the  whole  business:  the  quantity  of  tar  pro-' 
duced  will  be  about  twenty-eight  barrels,  of  two  hundred 
weight  and  a  half,  in  six  days,  worth  ten  shilling  ffeft*  )iUn- 
dred ;  or  twenty«one  barrels  of  pitch  of  the  dame  li'eight, 
worth  fifteen  shillings  per  hundred';  though  I  was  ussured 
upon  the  spot,  by  a  very  intelligent  person,  that  some  coal  is 
of  so  bituminous  a  quality,  as  to  give  dne-eightli  its  weight 
of  tar:  but  the  quantity  above  stated  is  about  the  average 
;oroduce.  '     ^^    •    '  ' 

*'In  order  to  bring  the  above  practice  within' fhe'Sd* 
cietv*s  intentions,  an  alteration  in  the  erection  of  steani 
ep^nes,  furnaces,  ftc.  must  take  pla6e;  the  alteratJoil  will 
be  no  more  than  that  of  erecting  them  below  ground,  fo^ 
stead  of  above :  and  when  raising  water  is  the  main  ob- 
ject, an  adoption  of  the  forcing  or  lifting  pump,  instead  of 
the  sucking  pump,  or  the  sucking  pump  may  be  still 
employed,  wherever  the  fall  of  ground  gives  an  op« 
portunity  of  letting  off  the  water  raised,  by  an  aqueduct ; 
in  which  case,  the  lift  behig  shortened,  and  less  power 
necefisary,  ample  amends  will  be  thereby  made  for  the 
expense  of  such  aqueduct. 

^^  Such  kind  of  buildings,  from  a  low  situation  within 
the  earth*3  surface,  will  certainly  acquire  additional  stabi 
lity :  and  to  those  who  are  acquainted  with  the  trifling 
expense  of  removing  soil  to  small  distances,  the  additional 
charge  will  appear  trifling,  and  will  be  more  than  recom- 
pensed by  such  acquired  stability.  In  some  local  situations, 
in  hilly  countries,  the  smoking  works  being  erected  at  the 
foot,  and  the  tar  funnel  higher  up  the  hill,  a  communica- 
tion may  be  effected  without  such  alteration. 
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"  I  Snd  by  reports  from  other  quarters,  that  Bucees- 
ful  attempts  ha^Q  been  nade  to  make  coke  of  the  coal 
employed  in  workipg  a^am  engines  ;  the  additional  !»• 
provements  of  making  tir  from  the  smoke,  would  not  oaly 
prevent  annoyance  to  the  neighboarbood,  but  aLio  sipply 
to  the  beat  advantage  every  particle  of  that  valuable  and 
comfortable  article,  coal ;  prodigious  quantities  of  which 
are  at  present  wasted  by  being  burned  in  one  place  for 
heat  only,  in  another  for  coke  only;  when,  by  due  atten- 
tion, both  purposes  might  in  many  cases  be  effected  at  tfae 
same  time. 

'•  I  was  informed  oo  the  spot,  from  undoubted  anthority, 
that  the  consumption  of  coal  in  Mr.  Wilkinstui's  great 
works,  et  Bradley,  is  one  hundred  tons  per  day  :  about 
one-fiflh  of  the  smoke  is  actually  employed  in  the  making 
of  tar ;  and  the  remainder,  or  the  smoke  of  eighty  tons 
per  day,  flies  away.  Thisj  if  collected,  would  yield  u[»- 
warda  of  eighteen  barrels  of  tar,  of  two  hundred  and  a 
half  each  ;  and  if  the  smok^  of  the  great  works  o(  the 
kingdom  wero  in  general  collected  for  the  same  use,  whut 
B  prodigious  addition  would  it  be,  to  the  production  m  b 
commercial  and  necevary  article,  which  always  nods  b 
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ready  market,  and  will  in  many  instances  supply  the  ve- 
getable tar  at  present  imported  from  abroad  I 

'^  The  tar  works  at  present  erected,  are  in  an  oblong 
form:  it  is  probable,  if  the  idea  above  described  be 
adopted,  a  circular  plan  would  be  most  suitable,  some- 
what similar  to  the  <brawing  prefixed. 

^^Expkmaium  nf  ike  Plan*  a  is  the  steam  engine,  the 
base  of  which  suppose  thirty  feet  below  the  earth's  sur- 
face, b  b  the  tar  funnel,  supported  by  arches,  and  covered 
with  water,  suppose  the  water  filFteen  feet  above  the  earth's 
surface,  ccc c c  area  sunk  nearly  as  deep  as  the  base  of 
the  building  a.  d  gang-^way,  level  with  the  earth's  sur- 
face. 1,  S,  3, 4,  funnels  communicating  from  the  main  chim- 
ney to  the  tar  funnel." 

The  following  specification  is  descriptive  of  the  next 
invention  on  record,  which  we  insert  verbatim,  as  the  un- 
defined manner  in  which  the  invention  is  described  makes 
it  somewhat  hazardous  to  explain  with  certainty  what 
were  the  exact  arrangements  intended. 

Tlie  claims  are  however  particularly  worthy  of  notice, 
as  shewing  that  the  inventions  of  the  rival  disputants,  whp 
recently  figured  in  a  court  of  law,  were  in  a  great  measure 
anticipated  by  the  claims  herein  made. 

Patent  Method  of  changing  the  Smoke  or  Vapour  arising 
from  the  combustion  of  many  kinds  of  substances  in 
various  us^ul  nuUerials.     By  C  W.  Ward^  of  Hatton 
Garden^  London.  1792. 

^^  Now  know  ye,  that  I,  the  said  Charles  William  Ward, 
in  compliance  with  the  proviso  in  the  said  letters  patent 
contained,  do  hereby  describe  and  ascertain  the. nature  of 
my  said  invention  of  a  method  of  changing.the  smoke,*  5r 
vapour,  arising  from  the  combustion  of  many  kinds  of 
substances  into  various  useful  materials,  according  to  the 
substances  burnt  as  follows.  All  smoke  or  vapour  from 
the  combustion  of  different  bodies,  is  capable  of  being  de- 
composed or  condensed;  but  as  the  vapours,  according  to 
the  substance  they  proceed  from,  require  to  pass  through 
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cold  water,  the  steam  of  boiling  water,  or  to  be  confined 
some  time  in  cold  vessels,  before  tiiey  can  be- condensed, 
the  change  cannot  be  effected  by  any  method  hitherto 
known,  beeaose  none  of  them  are  capable  of  mal^g  the 
vapour  pass  throagh  water,  br  of  confining  it  long  enongh 
to  condense,  without  choking  up  the  draught  of  air  neces- 
sary  for  the  burning  of 'the  fires.  My  inventi^it  supplies 
this  defect,  by  making  a  constant  draught  from  the  fires, 
and  causing  the  vapours  to  pass  through,  or  be  retained 
in  proper  vessels,  a  sufficient  time  fenr  it  to  condense ;  this 
is  effected  by  connecting  the  aperture  of  the  chimney  or 
chimneys  with  the  condensing  vessels  or  chamb^a,  by 
means  of  tubes  or  pipes ;  then  is  to  be  placed,  either,  be- 
tween this  connexion,  or  behind  the  condensing  vessels, 
any  machine,  or  machines,  whose '  principle  depends  upon 
the  known  property  of  all  fluids  rushing  in  to  fill  up  the 
vacuum  caused  by  their -action  ;  that  is  to  say,  air  pumps, 
water  pumps,  ventilators,  bellow^,  air  machines,  &c.;  these, 
however  different  their  constructions,  have  all  one  com* 
mon  principle,  and.  therefore  the  application  of  them,  or 
Qthers  depending  upon  the  said  principle,  to  effect  the 
purpose  before-mentioned,  will  be  an  infringement  upon 
my  said  patent ;  the  size,  number,  and  construction,  of 
the  condensing  vessels,  must  depend  upon  the  vapour  to 
be.  decomposed,  as  some  vapours  are  more  difficult  to 
condense  than  others,  and  therefiore  require  a  longer 
process* 

^^  The  apparatus  being  thus  fixed,  the  substances  to  yield 
the  smoke,  or  vapour,  are  to  be.  set  on. fire  under  the  chim- 
ney, or  chimneys,  and  the  machine  or  machines,  set  in  mo- 
tion by  a  steam  engine,  horse,  water  wheel,  &c.,  the 
vapours  will  be  drawn  from  the  fires  by  the  action  of  the 
machine,  and  made  to  pass  through  the  condensing  vessels 
to  be  decomposed.  There  must  be  apertures  at  the  ends 
of  the  condensing  vessels,  if  the  pumping  machine  be  placed 
between  them  and  the  chimney,  to  open  and  shut,  for  the 
purpose  of  giving  vent  to  the  incondensable  airs,  which 
will  combine  with  the  vapours  in  burning,  and  pass  with 
them  through  the  apparatus.     If  the  machine  be  placed 
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beliiod  the  veasQls,  there  will  he  no  occasion  for  those  aper- 
tures.   In  witoese,  &c" 

No  drawings  are  attafihed  to  the  foregoing  specification, 
tiad  as  it  contains  no  defined  plans  that  appear  to  have 
been  reduced  to  practice,  the  information  it  gives  does  not 
extend  beyond  an  ezplaBatioa  of  the  principle  of  the  ope- 
ration. We  ahall  have  occasion  to  make  aioniie  farther  .re- 
marks npon  this  mode  of  preventing  the  laane  of  dense 
smoke  from  furnaces. 

In  1796,  a  plan  by  Mr.  William  ThomsOn,  of  Bow  Lane* 
Cheapside,  was  published  in  the  Repertory  of  Arts,  which 
appears  to  be  the  earliest  furnace  of  that  construction ; 
we  annex  an  abbreviated  description  of  it. 

The  following  figure  represents  a  longitudinal  and  verti- 
cal.sectioB  of  the  furnace,  (and  consequently  of  the  boiler 
too*  which  has  two  horiEOBtal  flues  running  throughit,  but 
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not  represented  in  oor  drawing);  6  the  fire-place,  whicti 
must  be  about  one-third  longer  than  they  are  generally 
made;  c  an  arch  which  runs  across  the  fire-place,  two 
inches  lower  than  the  bottom  of  the  flue  under  the  boiler, 
and  about  the  middle  of  the  fire-place ;  e  is  the  door  ct 
the  fire-place,  which  is  to  have  a  small  shutter  in  it. 
Through  this  shutter  the  coals  must  be  gently  stirred  up, 
by  the  slice  or  poker,  taking  care  not  to  injure  the  arch, 
nor  to  raise  too  great  a  quantity  of  coals  at  once ;  /  is  a 
small  space  left  behind  the  fire,  for  a  current  of  air  to  come 
through;  adjoining  which,  at  the  extremity  of  the  grate 
bars,  there  is  a  brick  placed  across  the  fire-place^  to  prevent 
the  coals  from  falling  over.  There  are  two  slides  not 
shown  in  the  drawing,  the  one  to  shift  backwards,  and  the 
other  forwards,  to  make  the  space/,  for  the  current  of  siir, 
larger  or  smaller,  as  may  by  practice  be  found  best. 

The  operation  consists  in  the  arch  c  hindering  the  smoke 
from  going  up  the  chimney  without  passing  through  the 
fire  behind  it,  which  having  a  strong  draught,  bums  the 
smoke  as  it  passes  through  it :  the  air  which  comes  up 
through  the  space  y^  being  necessary  to  the  complete  com- 
bustion of  it 

In  1801,  Messrs.  John  8c  James  Robertson,  of  Glasgow, 
took  out  patents  for  their  improved  furnace,  in  which  it  was 
stated  that  the  smoke  was  completely  burned.  This  inven- 
tion has  already  been  described  by  Mr.  Galloway,  in  the 
first  part  of  this  work,  page  145,  which  the  inquiring 
reader  bad  better  peruse,  before  he  proceeds  Airther  in  this 
account.  Messrs.  Robertson *s  have  the  credit,  (we  cannot 
add  whether  justly  or  not),  of  being  the  first  who  succeeded 
in  the  project  of  economically  burning  the  smoke.  About 
this  period,  many  manufacturers  were  indicted  for  nuisances, 
and  compelled  to  adopt  measures  to  remedy  the  inconve- 
niences resulting  from  the  escape  of  dense  smoke ;  but  not- 
withstanding the  apparent  simplicity  of  the  process,  very 
little  success  attended  their  endeavours,  owing  probably 
to  the  unskilful  management  of  ignorant  and  prejudiced 
workmen.  It  was  contended  by  the  proprietors  of  steam 
engines,  that  the  admission  of  fresh  air,  produced  ignition 
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ottlie  smoke,  before  it  e.itered  the  chimney,  had  the  effect 
of  cooling  the  boiler,  and  that  it  required  in  consequence 
a  greater  quantity  of  fuel  to  work  an  engine.  This  objec- 
tion confirms  us  in  our  opinion,  that  the  want  of  success 
was  owing  to  injudicious  management ;  that  more  air  was 
admitted  than  necessary  to  supply  the  requisite  quantity 
of  oyxgen  to  the  carbonaceous  matter,  and  that  &ilure 
was  not  the  result  of  any  defect  of  the  principle. 

lit  the  year  1812,  Mr.  William  Evetts  Sheffield  took  out 
a  patent  for  improved  reverberating  furnaces  for  smelting 
metals,  in  which  he  introduced  what  he  termed  an  iitr-con- 
ductoTy  for  the  purpose  of  conveying  a  stream  of  pure  at- 
mospheric air  upon  the  surfaces  of  the  metallic  substances 
under  reduction;  but  it  appears,  by  the  tenor  of  bis  speci- 
fication, that  he  did  not  contefaiplate  the  application  of  the 
air  conductors  to  the  burning  of  the  smoke  of  steam  engine 
and  other  furnaces,  which  it  subsequently  proved  very 
efficacious  in  performing* 

This  ohT'Canductor  consisted  of  a  vertical  passage  or 
tube  made  in  the  bridge,  or  wall  of  brick-work  at  the  back 
of  the  furnace,  the  lower  end  of  which  opened  into  the  ash- 
pit, where  it  was  widened,  and  the  size  of  the  aperture  re- 
gulated by  a  valve,  which  valve  was  operated  upon  by  a 
long  rod  passing  through  the  front  enclosure  of  the  asb« 
pit;  the  upper  extremity  of  the  air  tube  or  passage  did 
not  pass  vertically  through  the  bridge,  but  bad  a  horizon- 
tal turn  given  to  it,  by  which  the  jet  was  thrown  upon  the 
substances  under  operation,  or  against  the  current  of 
heated  vapours  before  they  passed  over  the  bridge ;  and 
this  minor  stream  of  fresh  air  was  found  to  impart  sufii- 
cient  oxygen  to  the  carbonaceous  matter  in  the  rising  va- 
pours from  a  coal-fire,  to  produce  ignition  and  burti 
smoke.  Thus  was  obtained  an  effect  which  was  not  con- 
templated by  the  patentee,  as  he  only  notices,  in  his  speci- 
fication, the  utility  of  his  plans  in  metallurgic  operations. — 
We  shall  have  occasion  to  make  another  remark  on  this 
furnace,  after  having  described  two  or  three  others  that 
follow  in  chror  ological  order. 

The  annoyance  and  pernicious  effects  experienced  by 

as.  5f 
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the  public  from  a  sooty  atmosphere,  drew  the  attention  of 
the  legislature  to  the  subject,  aboat  twelve  years  ago;  and 
a  select  committee  of  the  House  of  Commons  was  ap- 
pointed in  1819,  ^^  to  inquire  how  far  it  might  be  practi- 
cable to  compel  persons  using  steam  engines  and  furnaces 
in  their  different  woriis,  to  ereet  them  in  a  manner  less 
prejudicial  to  public  heakh  and  comfort^  and  to  report 
their  observations  thereupon  to  the  House/' 

Unfortunately,  however,  the  appointment  of  the  com- 
mittee  did  not  take  plaee  until  so  late  a  period  in  the  ses- 
sion, that  the  investigation  did  not  proceed  so  far  as  waa 
desirable;  nevertheless,  several  persona  were  examined 
by  the  committee,  whose  miads  hwl  been  iiwtg  and  practi- 
cally directed  to  the  extinction  of  the  eviU 

The  com  mittee.  h&ving  aadertained  and  reported  to  th^ 
House  that  the  reduction  of  smoke  from  fuiaaces  might 
be  practically  accomplished,  a  bill  to  embrace  that  object 
was  brought  into  the  House  and  passed,  of  which  the  foJ- 
lowing  is  an  abstract :— * 

''  Stat.  1  and  2  Geo.  IV.  cap.  41,  entitledy 

^^  An  Act  for  giving  greater  facility  ta  the  prosecotion 
and  abatement  of  nuisances  arising  from  fiirnacea  used  in 
the  working  of  steam  engines.  To  cetmmenee  Sept.  1, 1821 : 

<^  Whereas  great  inconvenience  has  arisen,  and  a  greet 
degree  of  injary.  has  been,  and  is  now  sustained  by  his 
Majesty^s  Bubjedts,'in  various  parts  of  the  United  Empire, 
from  the  improper  conatruotioii^  as  well  as  from  the  negli* 
gent  use  of  furnaces  employed  in  the  working  of  engines 
by  steam ;  and  whereas,  by  law,  every  such  nuisance 
bdingofa  public  nature,  is  abateable  as  suck  by  indict* 
ment,  but  the  etxpenses  attending  the  prosecution  thereof 
have  deterred  ^artie»  suffering  thereby  from  seeking  the 
remedy  given  by  law ;  Be  it  therefore  eaacted,  by  the 
King's  most  excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  Lords  spiritual  and  temporal,  and  CodiH 
mens  in  this  pi-esent  Parliament  assembled,  and  by  the 
authority  of  the  same.  That  it  shall  and  may  be  law- 
ful for  the  court,  bef«lre  whom  any  such  indictment  shall 
bf>  tried,  in  addition  to  the  judgment  pronounced  by  the 
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aa  d  court,  in  case  of  conviclioD,  to  award  such  coots  as  may 
be  deemed  proper  and  reasonable  to  the  prosecutor  or 
prosecutors,  to  be  paid  by  the  party  or  parties  so  convicted. 

^^  And  be  it  further  enacted,  that  if  it  shall  appear  to  the 
court  before  which  any  such  indictment  shall  be  tried, 
that  the  grievance  may  be  remedied  by  altering  the  ton- 
struction  of  the  furnace,  or  any  other  part  of  the  premises 
of  the  party  or  parties  so  indicted,  it  shall  be  lawful  to 
the  court,  mthout  the  consent  of  the  prosecutor,  to  make 
such  order  touching  the  premises,  as  shall  be  by  the  said 
court  thought  expedient  for  preventing  the  nuisance  in 
future,  before  passing  final  sentence  upon  the  defendant 
or  defendants  so  convicted." 

It  is  also  provided,  that  the  provisions  of  this  act  shall 
not  extend  to  steam  engines  employed  solely  in  the  work* 
ing  of  mines,  or  smelting  of  metals. 

Mr.  Joseph  Gregson,  the  first  witness  examined  before 
the  committee,  stated  his  opinion  of  the  principal  causes 
of  the  nuisance  to  be,  the  putting  on  the  fire,  or  into  the 
furnace,  too  much  crude  fuel  at  one  time,  and  the  chim- 
neys being  in  general  too  low.  He  was  acquainted  with 
several  modes  that  had  been  practised  to  remove  the  nui- 
sance,  which  had  been  done  effectually  under  steam-engine 
boilers ;  but  being  generally  attended  with  an  increased 
consumption  of  fuel,  it  had  seldom  been  adopted.  In  small 
boilers,  where  coke  can  be  used  instead  of  coal,  the  success 
bad  been  more  complete;  but  under  large  boilers,  where 
a  flaming  fuel  was  required  to  act  on  all  sides,  Mr.  Greg- 
son  was  not  aware  of  any  plans  that  effected  the  object 
better  than  those  which  he  had  invented. 

The  principle  upon  which  these  plans  were  founded, 
consists,  first,  in  causing  all  the  smoke,  after  it  has  arisen 
from  the  fire,  to  return  into  the  heat  of  the  fire  before  it 
enters  into  the  fine  or  chimney,  and  so  be  consumed; 
secondly,  in  putting  on  no  more  fuel  at  any  one  time  than 
the  smoke  of  which  can  be  consumed;  and  that  without 
opening  the  furnace  door  for  the  purpose ;  thirdly,  in  sup« 
plying  every  fire  with  a  current  of  air,  to  counteract  the 
elfecl  of  those  w'ndA  that  operate  against  the  draught 
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Mr.  Gregson's  Patent  Furnace  for  consuming  its  own  Smoke. 

1815. 

The  above  engraving  represents  a  vertical  section  of 
the  apparatus.  The  fire-place  G,and  the  feeding-door  F, 
are  made  aa  usual ;  the  smoke  passes  over  the  bridge  D,  aud 
under  the  said  bridge  b  an  aperture,  through  which  a  very 
intense  heat  passes,  which  enflames  and  consunies  the 
smoke  in  the  descending  flue,  by  meaaa  of  the  supply  of 
an- through  the  aperture  C;  it  then  passes  into  the  com- 
mon flue  or  chimney  A  A,  formed  in  the  usual  manner; 
Z  Z  is  the  air-shaft  and  drain  to  supply  the  fire  with  air, 
through  a  valve  situated  under  the  fire-place. 

The  next  witness  examined  was  Mr.  William  Moult,  of 
Whitby,  who  stated  (o  the  committee,  (bat  "the  former 
mode  of  heating  the  boilers,  (at  the  Stowbrow  Alum 
Works,}  was  by  putting  the  coals  over  the  bars  in  the 
common  way;  but  my  method  is  to  make  the  flame  come 
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over  the  coals,  which  are  laid  upon  an  iron  platty  which 
lights  the  coals  at  the  top,  and  the  red  part  of  the  coal  is< 
next  the  bottom  of  the  boiler;  by  that  means  the  smoke, 
as  it  rises  from  the  coals,  is  consumed  in  its  passage  over 
the  bars.  The  consumption  of  fuel  of  the  old  boiler  was 
regularly  eighteen  bushels  of  coals  in  twenty-faur  hours ; 
but  when  altered  in  this  manner,  twelve  bushels  of  coals 
produced  a  similar  effect ; — there  was  no  more  smoke  than 
from  a  common  chimney."  Mr.  Moult  patented  this  fur- 
nace in  1815. 

Our  readers  will  observe  that  Mr.  Moult's  manner  of 
feeding  furnaces  is  now  very  commonly  adopted.  It  pos- 
sesses not  merely  the  advantage  of  burning  a  great  por- 
tion of  the  smoke,  but  in  effecting  an  important  saving  in 
fuel,  which  may  be  accounted  for  by  the  circumstance  of 
the  small  coals  becoming  ignited  and  cemented  together, 
before  they  arrive  upon  the  grate,  through  the  bai*s  of 
which  a  considerable  portion  of  them  would  drop  and  be 
wasted,  were  they  placed  there  in  the  first  instance. 

Although  the  evidence  of  Dr.  Tuthill  (who  was  the  next 
witness  examined  by  the  committee  of  the  House  of  Com- 
mons) does  not  relate  to  the  description  of  any  defined 
plan  for  the  improvement  of  the  construction  of  furnaces, 
yet,  as  it  contains  observations,  facts  and  suggestions  of  an 
important  and  interesting  nature,  we  feel  ourselves  war- 
ranted in  inserting,  in  this  place,  a  concise  report  of  them. 
In  answer  to  numerous  questions,  the  doctor  said,  ^^  I  be- 
lieve the  atmosphere  of  London  to  be  prejudicial  to 
health ;  the  accounts  which  have  been  published  at  dif- 
ferent times,  concerning  the  relative  duration  of  life  in 
London  and  in  the  country,  may  be  considered  as  having 
proved  that  duration  to  be  considerably  diminished  by  a 
residence  in  this  metropolis.  It  is  probable  that  this  de- 
pends upon  the  atmosphere  of  London*  There  are  a 
great  variety  of  causes,  which  contribute  to  render  that 
atmosphere  unfavourable  to  health ;  and  I  think  we  may 
be  warranted  in  assuming,  that  whatever  we  can  discover 
in  such  atmosphere,  so  as  to  render  it  different  from  that 
of  the  country,  may  contribute  to  produce  this  effect ;  and 
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therefore  it  becooies  probable,  that  the  quaotity  of  carbo* 
Daceous  matter  suspended  in  it^  is  one  of  the  causes  of  its 
insalubrity.  The  rapid  advancement  to  recovery,  which 
we  frequently  see  in  sick  persons,  during  a  short  residence 
%i  the  country,  proves  the  influence  which  the  atmosphere 
of  London  has  upon  health ;  there  are  many  diseases  in* 
cident  to  the  human  body^  iA  which  the  influence  of  that 
atnosphere  may  be  more  easily  detected,  than  in  a  state 
of  health.  In  certain  diseases  of  the  lavgs,  especially,  I 
think  it  may  be  proved  that  the  smoke  of  London  is  pre* 
j^udiciaK  I  conceive  that  the  fog  peculiar  to  London,  so 
different  in  its  sensible  properties  froai  any  fog  in  the 
country,  depends  upon  the  smoke  of  the  metropolis,  and 
is  prejudicial  in  many  diseased  states  of  the  lungs*  The 
greater  the  quantity  of  eaebonic  acid  gas,  in  a  given  vo* 
lume  of  air,  the  greater  would  be  the  insalubrity  of  that 
air.  But  in  crowded  cities,  the  air  is  contaminated  from 
a  variety  of  other  causes,  which  chiefly  owe  their  origii^ 
to  the  exhalations,  either  from  the  liviiig  animal  body,  or 
fl'OfD  decomposing  animal  anil  vegetable  matter,  when  the 
principle  of  vitality  is  extinct. 

^  I  conceive  the  smoke  arising  fro«i  furiMKes  aught  be 
prevented ;  that  is,  that  the  carbcmaceous  matter  which 
issues  from  such  chimneys,  and  now  mixes  with  the  atmo* 
sphere,  may  be  converted  into  carbonic  acid  gas. 

*'  I  think  it  can  be  effected,  by  making  the  smoke  paat 
through  an  ignited  tube,  whilst  the  combustion  of  the  soot 
19  there  assisted  by  a  fresh  current  of  atmospheric  air.  I 
see  no  reason  why  a  simple  apparatus)  may  not  be  so  con- 
trived, as  to  render  that  combustion  complete.  But  it 
appears  to  me  to  be  deserving  of  consideration,  whether 
this  annihilation  of  smoke  ought  to  be  conined  to  manu^ 
factories.  If,  instead  of  burning  common  coal,  that  fuel 
were  first  divided,  as  it  now  is  in  the  gas-light  manufac- 
tories, into  coke  and  carbonated  hydrogen  gas,  ami  these 
were  afterwards  consumed  in  union,  the  brilliancy  and 
warmth  which  we  now  enjoy  by  our  fire-sides,  would,  to 
say  the  least,  be  undiminished,  whilst  the  smoke  would  be 
entirely  destroyed.     This  may  be  tried  without  any  diffi* 
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calty,  by  the  judicious  admission  of  gas  into  a  x^ommon 
grate  filled  with  coke;  the  materials,  in  fact,  would  be 
the  same  as  of  our  common  fires,  but  employed  in  a  state 
of  greater  purity.  There  is  no  limit  to  this  mode  of  de- 
stroying smoke :  and  should  a  plan  of  this  nature  be  here- 
after adopted,  chimneys^  as  they  are  now  constructed,  would 
be  quite  Unnecessary ;  a  small  tube  would  be  suiBcient.'* 

Mr.  William  Losh,  of  Newcastle-upon-Tyne,  was  next 
examined  by  the  committee,  on  this  important  subject. 
Mr.  Losh  stated,  that  in  several  engines  which  had  been 
erected  upon  his  plans,  the  smoke  was  entirely  consumed. 
These  plans,  which  were  secured  to  him  by  patent,  dated 
April  8, 1815,  (now  expired,  and  open  to  public  use,)  he 
laid  before  the  committee,  and  from  these  documents,  to- 
gether with  a  reference  to  the  specification  of  his  patent, 
we  have  compiled  the  following  account : — 

The  principle  upon  which  the  mechanical  arrangements 
are  founded,  consists  in  the  application  of  the  caloric 
evolved  during  the  combustion,  free  from  the  cooling  in- 
fluence of  any  cold  undecomposed  air,  in  a  sudden  and 
equable  manner,  to  the  bottom  of  the  boiler,  or  other 
vessel. 

The  plan  consists  in  placing  the  furnace-bars  as  near  as 
possible  under  the  middle  of  the  boiler's  bottom,  and  to 
have  the  aperture  or  apertures  for  the  escape  of  the  rare- 
fied air  and  smoke,  above  the  door  through  which  the  fuel 
is  put  in ;  so  that  the  heated  air  and  gases,  by  their  ex- 
pansive force  and  diminished  specific  gravity,  shall  pre- 
vent the  cold  air  of  the  atmosphere  from  penetrating  be« 
neath  the  bottom  of  the  boiler,  in  order  that  the  cold  air 
admitted  at  the  door  where  the  fuel  is  introduced,  shall, 
in  its  passage  to  the  chimney,  have  no  tendency  to  mix 
xvith  the  heated  gases,  until  after  they  have  ceased  to  act 
upon  such  parts  of  the  boiler,  as  are  required  to  be  sub- 
jected to  their  action  alone.  A  division  of  cast-iron 
plates,  extending  from  the  ends  of  the  bars  next  to  the 
door,  separates  the  grate-room  from  the  ash-hole  and  air- 
duct,  and  prevents  any  air  from  passing  into  the  grate- 
room  which  does  not  pass  through  the  ignited  fiiel. 
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It  is  evident,  that  if  cold  air  he  permitted  to  have  access 
to  the  bottom  of  a  boiler,  a  larger  fire,  or  an  iDcreased 
consumption  of  fuel  will  be  requisite,  to  produce  a  giyen 
effect;  and  thus  to  maintain  the  steam  at  a  sufficient  ex- 
pansive force  to  work  an  engine,  an  intense  heat  is  ap- 
plied, sufficient  to  flux  the  fuel  into  slags,  and  sometimes 
even  to  fuse  the  bars.;  but  when  this  last  effect  does  not 
take  place,  the  temperature  of  the  bars  is  usually  so  high, 
that  the  atmospheric  air  coming  in  contact  with  them, 
rapidly  oxidates  their  surfaces,  which  fall  off  in  successive 
scales,  until  the  whole  substance  of  the  metal  is  corroded 
away. 

An  advantage  therefore  results  from  Mr.  Losh*s  ex- 
cluding the  cold  atmospheric  air,  which  obviates  the  evil 
consequences  just  mentioned  attending  its  admission.  The 
position  of  Mr.  Losh^s  fire-places  likewise  enable  a  more 
effectual  support  to  be  given  to  the  bottom  of  the  boilers, 
(an  object  of  great  importance  when  of  large  capacity,) 
than  is  practicable  by  the  usual  mode  of  setting  them. 

According  to  this  plan,  the  caloric  and  heated  gases 
ascend  and  radiate  from  the  burning  fuel,  and  impinge 
against  the  boiler  with  extreme  velocity  and  intensity,  as 
they  meet  with  no  substance  to  direct  them  from  their 
course,  or  to  which  they  can  impart  a  portion  of  their 
heat ;  an  economy  of  fuel  seems  to  be  a  necessary  result 
from  this  arrangement,  while  it  affords  a  very  expeditious 
means  of  getting  up  the  steam  to  start  an  engine. 

The  specification  of  Mr.  Losh's  patent  is  very  volu- 
minous; besides  a  description  of  eighteen  drawings,  which 
accompany  it,  he  enters  largely  into  the  theory  of  the  sub- 
ject, gives  a  history  of  his  experience,  his  views,  and  his 
opinions,  contrasting  other  plans  with  his  own,  which  la<(t 
are  in  all  respects,  of  course,  the  acme  of  perfection.  This 
document  is  obviously  intended  to  serve  the  purpose  of  an 
advertisement,  but  from  the  talent  and  great  experience 
of  the  writer  it  is,  nevertheless,  worth  the  reading.  Our 
space  will  not  permit  us  to  describe  only  those  plan^^ 
which  he  submitted  to  the  Committee  of  the  House  of 
Commons,  in    1818.     We  commence  with  his  furnace  for 
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«n  oblong  steam  boiler,  and  shall  next  give  li 
furnace  for  vetaela  of  a  circular  form. 


Patent  Furnace  /or  coniatming  Smoke  under 
Steam  Boiler,  by  Wm.  Loth,  of  Newcastle. 
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Fig.  1,  IS  a  plan  or  horizontal  section  of  the  furnaces 
for  heating  a  steam-engine  boiler^  taken  at  the  level  of 
the  grate  bars;  the  area  included  within  the  dotted  lines 
aa  aCj  shews  that  part  above  which  the  boiler  rests  when 
put  upon  its  seat ;  A  and  B  are  the  respective  grate-bars 
of  the  two  furnaces ;  d  d  the  flooring  plates,  which  pre- 
vent the  air  from  penetrating  from  the  ash-pit  into  the 
grate-room,  except  through  the  grate  bars  and  burning 
fuel;  these  plates  are  supported  by  several  bars,  in  case 
they  should  by  accident  crack ;  h  A  are  the  fire  doors  and 
frame ;  g  the  partition,  which  separates  the  two  furnaces, 
and  supports  the  bottom  of  the  boi)er ;  /the  base  of  the 
chimney. 

Fig.  2,  is  a  vertical  and  longitudinal  section  of  the 
boiler  and  brick- work,  and  furnaces;  the  letters  in  which 
refer  to  the  same  parts,  as  shewn  in  the  plan,  g  the  divi- 
sion between  the  two  furnaces  A  B^ddihe  flooring-platefi^ 
below  which  are  the  ash-pits.  The  direction  of  the  flames, 
from  the  combustion  of  the  fuel  in  the  grates,  shew  the 
course  they  respectively  take  to  the  flues//! 

Fig.  3,  is  a  vertical  and  transverse  section  of  the  boiler, 
brick-work,  &c.  the  letters  of  reference  applying  to  the 
same  parts  as  in  the  other  figures. 

N.  B.  Where  it  is  of  great  importance  to  save  fuel,  it 
would  be  advisable  to  have  register  dampers  on  the  ash- 
pits, by  which  the  admission  of  the  air  might  be  regulated 
in  the  exact  ratio  required  to  keep  upia  due  combustion 
of  the  fuel  in  the  furnaces. 

In  order  to  burn  the  smoke  effectually,  it  is  to  be  made 
to  penetrate  with  the  atmospheric  air  through  the  burn- 
ing fuel,  by  having  dampers  at  n  and  y,  (the  apertures  of 
the  furnace  B  and  A  into  the  flues)  perforations  are  also 
to  be  made  through  the  flooring  plates  at  r  and  «,  with 
corresponding  covers  and  doors,  or  registers,  on  the  ash- 
pits at  p  and  q. 

Suppose  the  fires  to  be  burned  bright,  and  that  furnace 
B  requires  a  fresh  supply  of  coals,  shut  the  damper  n  and 
open  y,  draw  the  cover  of  the  perforated  plate  at  r,  and 
keepsshut;  shut  the  ash-pit  door,  or  register  9,  and  open  p. 
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Then  must  the  soot  which  sublimes  from  furnace  B  pass 
into  the  ash-pit  through  r,  and  be  carried  with  the  current 
of  atmospheric  air,  which  enters  at  p,  through  the  opening 
in  the  wall  o,  to  the  furnace  A,  where  it  will  penetrate 
through  the  grates  and  fuel,  and  be  converted  into  gaseous 
products.  By  reversing  the  operation  of  the  damper,  the 
dense  products  of  furnace  A  may  be  consumed  by  B.  When 
the  smoke  ceases  to  sublime,  the  furnace  can,  in  a  few  se- 
conds, be  made  to  act  as  described  above,  by  which  there 
is  a  great  saving  of  fuel. 

We  now  proceed  to  describe  Mr.  Liosh's  mode  of  con- 
structing his  smoke-consuming  furnaces,  under  circularly- 
formed  vessels;  the  drawings  represent  a  sugar  pan,  but 
of  course  the  arrangement  under  a  round  boiler  would  be 
the  same. 

Fig.  1,  is  a  plan,  or  horizontal  section,  of  the  pan  and 
brick-work,  at  the  level  of  the  bottom  of  the  flues;  ab 
shew  the  openings  from  the  grate  rooms  into  the  flues  i  i  i  ?, 
which  convey  the  hot  air,  smoke,  &c.  to  the  base  of  the 
chimney  J  J,  on  each  side  of  the  division  wall  n,  which  also 
separates  the  two  furnaces,  and  extends  from  the  ash-pit 
diametrically  across  the  pan,  the  bottom  surface  of  which 
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(FIG.  2.) 


lies  upon  it,  with  a  bearings  of  fonr  inches  aod  a  half  wide. 
This  wall  rises  three  feet  up  the  chimney,  to  keep  the 
smoke,  &c.  of  the  two  furnaces  separated,  till  they  hsre 
taken  their  perpendicular  direction,  and  can  no  lon^rin- 
terrupt  each  other ;  o  o  is  a  circular  wall,  which  surrounds 
the  flue. 

Fi^.2  exhibits  a  vertical  section  of  the  plan  and  fama- 
ces;  a  a  a  shew  the  pan;  c  the  grates  and  bearing  bars; 
It,  the  Ride  flues;  II,  the  grate  room;  o,  the  circular  wall: 
n  R,  the  division  wait,  shewn  as  extending  to  the  back  of 
the  pan,  and  up  the  chimney. 

Fig.  3  represents  a  vertical  section  of  the  pan,  and  one 
of  (he  two  furnaces  under  it;  bare  the  grate  bars;  dd,  the 
flooring-plates ;  1 1,  the  entrance  into  the  side  flues ;  j,  ter- 
mination of  the  side  flue  in  the  chimney;  m,  a  sliding  dam* 
per,  (o  regulate  the  admission  of  air  into  the  ash-pit,  ac- 
cording to  the  qtianlity  required  to  koep  up  a  due  com- 
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bnstioD  of  the  fuel  id  the  Airnaces;  o  is  the  wall  of  the 
flue;  py  a  damper  in  the  chimney;  the  arrows  shew  the 
direction  of  the  hot  air  in  the  fluea. 

If  it  be  required  to  burn  the  smoke,  let  there  be  dampers 
at  xandy,  (lig.  I),  and  a  perforation  of  the  wall  at  z,  (fig.  3 
and  3,)  suppose  both  the  fires,  at  a  and  b  (fig.  ],)  to  be 
burned  clear,  and  that  b  requires  a  fresh  supply  of  coals, 
shut  the  damper  x  and  open  y ;  then  the  smoke  which  sub> 
lines  from  6  will  be  forced  over  a,  and  be  burned  in  its 
passage.  By  reversing  the  action  of  the  damper,  thesmoke 
from  a  may  be  consumed  by  the  furnace  b. 

In  adding  fresh  fuel,  it  ta  desirable  to  throw  in  but  email 
quantities  at  a  time,  to  keep  the  bars  well  covered,  but  in 
a  thin  stratum,  and  to  allow  the  fire  of  the  furnace  last  sup- 
plied to  burn  bright,  before  fresh  fuel  isadded  to  the  other;  so 
thai  when  one  fire  is  at  its  highest  degree  of  heal,  (he  other 
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is  at  its  lowest,  in  order  that  the  boiler  may  be  kept 
tinually  at  nearly  an  equal  temperature. 

The  spedfication  embraces  a  description  of  a  furnace  ta 
a  locomotive  engine,  in  which  the  heated  gases  alone  are 
allowed  to  operate  upon  the  boiler,  without  any  admixture 
of  cold  atmospheric  air;  also  the  adaptation  of  the  princi* 
pie  to  alum  pans,  bleacher's  and  printer's  boilers,  baker's 
ovens,  &c.,  all  of  which,  the  practical  man,  who  has  occa- 
sioiii  for  such  apparatus,  will  do  well  to  consult. 

In  the  year  1818,  Mr.  W.  Johnson,  a  Brewer,  at  Salfbrd, 
near  Manchester,  was  induced  to  make  some  experiments 
in  the  burning  of  smoke,  and  finally  took  out  a  patent  for 
his  plan,  which  we  will  endeavour  to  explain,  without  the 
aid  of  a  drawing.  The  fire-place  was  on  the  plan  of  Mr. 
MouU*s  and  Mr.  Losh's,  so  far  as  to  have  a  plate  in  front 
of  the  bars,  whereon  the  coals  were  first  deposited,  and  be- 
came more  or  less  ignited,  prior  to  their  bieing  pushed  over 
the  grating  for  their  entire  combustion.  The  air  necessary 
to  produce  ignition  of  the  carbonaceous  vapour  was  inlro* 
duced  in  the  manner  of  Mr.  Sheffield's,,  described  at  page 
769,  with  this  difference  only,  that  Mr.  Johnson  allowed 
his  current  of  air  to  impinge  vertically  by  a  passage  made 
in  the  after-bridge  against  the  bottom  of  the  boiler,  but  he 
afterwards  altered  this,  and  gave  the  current  a  horizontal 
direction,  exactly  like  Mr.  Sheffield']?. 

Although  Mr.  Sheffield's  and  Mr.  Johnson's  invention 
possessed  scarcely  any  originality  worthy  of  notice,  they 
were  so  nearly  alike  as  to  produce  some  sharp  aniroadver- 
sions  upon  the  latter  gentleman,  who  was  accused  of  piracy 
in  some  of  the  periodical  publications,  but  the  writers  only 
exhibited  their  contracted  knowledge  of  the  subject  in 
question.  The  consumption  of  smoke  was  then  an  object 
ardently  sought  after,  in  consequence  of  the  notices  made 
in  Parliament,  and  in  the  Courts  of  Law,  of  the  existing 
nuisances,  arising  from  furnace  chimneys.  Numerous  com- 
petitors, with  ^^  original  and  ingenious"  devices,  thrusted 
themselves  before  the  public  with  their  panaceas  against 
the  growing  evil,  all  of  them  representing  their  appara- 
tuses as  the  acme  of  perfection ;  and  we  believe  it  is  true 
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that  they  did  partially  succeed  in  producing  the  desired 
effect,  when  the  fires  were  managed  by  the  skill  and  atten- 
tion  of  the  inventors  themseWes.  It  was  evident  that  any 
plan  that  might  be  found  super*eminently  successful,  would 
be  productive  of  great  emolument  to  the  inventor.  Ac- 
cordingly we  find  numerous  persons  explaining  and  com- 
mending their  plans  to  the  committee  appointed  by  the 
House  of  Commons ;  among  these,  were  Messrs.  Sheffield^ 
Gregson,  Losh.  Moult  and  Johnson,  whose  plans  we  have 
already  described ;  and  we  purpose  adding  those  of  Messrs. 
Steel,  Brunton,  Parker,  Wakefield,  Walker  and  Coombs. 
The  inventions  of  Messrs.  Losh,  Steel  and  Brunton,  it  will 
be  seen,  possess  the  most  originality,  while  all  the  others 
are  but  slight  modifications  of  the  previous  inventions  of 
Watt,  Thomson  and  Robertson,  whose  patents  were  ex- 
pired before  these  gentlemen  came  into  the  field.  Not- 
withstanding this  latter  circumstance,  they  are  not  with- 
out merit,  and  the  variously  modified  arrangements  of  fur- 
naces in  connexion  with 'boilers  which  they  exhibit,  are 
calculated,  we  think,  to  afford  many  useful  hints. 

Furnace  far  the  consumption  of  its  Smoke^  by  John  Steely 

of  Dariford. 

This  apparatus,  which  was  denominated  a  mechamical 
Mmoke'bumer,  by  the  inventor,  is  shewn  as  adapted  to  the 
ordinary  tubular  high*pressure  boiler,  and  is  contrived  so 
as  to  supply  itself  uniformly  with  fuel.  We  extract  the 
description,  from  the  report  of  the  Committee  of  the  House 
of  Coaunons,  to  whom  Mr.  Steel  gave  his  evidence  on  the 
subject. 

The  fire  grate  (of  any  suitable  dimensions)  is  of  a  cir« 
cular  form,  surrounding  the  centre  piece  P,  moving  on  an 
upright  axis,  the  toe  of  which  turns  in  a  centre  C,  and  fhe 
upper  end  is  supported  by  a  cross-bar  at  JL,  which  is  made 
fast  in  the  brick-work.  E,  is.a  fluted  roller,  for  the  purpose 
of  supplying  the  fire  with  coal,  from  a  hopper  F,  which 
should  be  furnished  with  a  grating  at  top,  so  as  only  to 
admit  pieces  of  coals  of  a  limited  size.   6  6,  is  an  inclined 
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plane,  set  Kt  such  an  angle,  that  the  smallest  of  coals  will 
slide  down.  At  D,  is  a  common  toothed  wheel,  to  be 
worked  by  a  band,  chain,  or  any  other  convenient  mode  of 
communicating  molion.  The  fire  door  and  frame  may  be 
situated  in  any  convenient  part  of  the  circular  frame,  »  hich 
will  depend,  in  a  great  measure,  upon  the  form  of  boiler 
tn  which  the  apparatus  is  applied  ;  that  represented  at  o  oo 
in  the  6gure,  representing  (as  before  mentioned)  one  of  the 
tubular  kind.  N,  is  a  metallic  plate  for  the  ashes  to  drop 
on.  1  1,  show  the  ring  or  rim  which  sufronnd  the  grate 
bars,  and  32  the  arms  which  support  it  and  the  grate  bars. 
The  rim  is  somewhat  deeper  than  the  bars,  and  turns  round 
n  an  iroo  trough.      S3,  filled   with  sand   or  ashes,'  to 
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prevent  the  air  from  passing  between  the  rim  ai^d  the 
brickwork. 

Now,  suppose  a  fire  to  be  lighted  in  the  grate,  and  the 
grate  and  roller  E,  be  put  in  motion,  it  is  plain  that  such 
coals  as  lodge  in  the  notches  of  the  roller,  will,  as  the  rol- 
ler turns  round,  be  dropped  on  the  inclined  plane,  and 
from  thence  scattered  on  a  portion  of  the  fire,  asat  R; 
and  as  the  grate  is  moving  round  at  the  same  time,  ano- 
ther part  of  the  fire  is  continually  presented  to  each  fresh 
supply  of  coals.  The  grate  is  made  to  turn  round  in  such 
a  direction,  that  the  coals  are  immediately  afterwards 
presented  to  the  fire-door,  which  is  therefore  placed  con- 
tiguous to  it.  At  this  part,  the  combustion  is  most  vivid, 
from  the  ingress  of  air,  and  the  fuel  being  scattered 
thereon,  broken  into  small  pieces,  and  the  smoke  having 
to  pass  over  the  whole  surface  of  the  fire,  the  combustible 
matter  in  it  becomes  consumed. 

In  using  this  furnace  to  boilers  where  there  is  no  steam 
engine,  any  other  mechanical  power  may  of  course  be  em- 
ployed, or  it  may  be  turned  by  hand.  Whenever  the  ap- 
paratus may  be  oat  of  repair,  it  is  only  necessary  to  stop 
-the  wheel-work,  which  communicates  the  motion  to  the 
grate,  which  may  remain  stationary,  and  be  supplied  in 
the  common  way  by  a  shovel,  at  the  fire-door,  until  the 
disordered  parts  are  put  in  repair. 

The  reader  will  observe  a  great  similarity  between  this 
invention  and  that  of  Mr.  Brunton,  described  farther  on ; 
we  do  not  know  to  whom  the  precedence  belongs,  as  they 
were  made  known  to  the  world  nearly  at  the  same  period 
of  time  (1819—20). 

Mr.  W.  Brunton,  of  Birmingham,  beii^g  examined  be- 
fore the  committee,  described,  as  introductory  to  his  owb 
invention,  the  ^^  usuoT^  construction  of  furnaces  for  burn- 
ing of  the  smoke ;  which  evidences  the  fact,  t1iat  at  that 
period  of  time,  the  fire-places  in  use  were  generally  of  the 
kind  introduced  by  Mr.  Moult  and  Mr.  Losh,  upon  which 
we  made  some  remarks  in  commendation,  at  page  ]9. 
Notwithstanding  Mr.  Brunton  had  a  direct  interest  in 
pointing  out  the  defects  of  previous  inventions,  th'^  re- 

34.  f  u 
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marks  he  makes  upon  them  are  well  deserving  of  atten- 
tion; accordingly,  we  shall  here  insert  the  substance  of  liisi 
evidence  to  the  committee* 

Mr.  Brunton  stated  that  furnaces  for  consuming  smoke, 
as  they  were  usually  constructed,  consisted  of  two  distinct 
parts;  first,  the  grate  upon  which  the  coal  was  consumed; 
«econdly,  the  feeding  mouth,  into  #hich  th«  coal  was  put, 
preparatory  to  its  being  pushed  forward  upon  the  grate, 
at  the  end  of  the  feeding  mouth ;  ofpposite  to  that  which 
joined  the  grate  was  fitted  a  door,  in  which  were  holes 
with  covers,  for  regulating  their  apertures,  by  which  at- 
mospheric air  was  admitted  at  pleasure.  The  process  was 
thus:  whilst  the  coal  already  upon  the  grate  was  in  i|igh 
corobvstion,  and  had  ceased  to  smoke,  the  coal  in  the 
feeding-mouth,  being  exposed  to  the  heat  of  the  fire,  un* 
derwent  a  degree  of  cokings  and  the  smokfe  was  thereby 
evolved,  which,  combined  with;  a  portion' of  air  admitted 
at  the  openings  in  the  door,  passing  into  the  chimney  over 
the  hot  fire,  was  consumed.  When  the  fire  was  to  be  re- 
newed, the  coal  thus  acted  upon  was  forced  forward  upon 
the  grate,  still  carefully  preserYing  a  strong  fire  of  well* 
burnt  coal  on  the  farther «Bd  of:  the  grkte^  in  order  to 
consutne  the  8moke,.whichi  would  now  be  given  out  by  the 
coal  thus  brought  intx>  active  combustion ;  at  this  period 
a  much  greater  portion  of  air  must  be  admitted,  than 
would  be  needful  when  the  coal  last  forced  forward  had 
attained  its  full  heat. 

The  following  were  the  principal  objections  to  the  ge- 
neral adoptiofii  of  this  spiscies  of  furnace  :^^^  First,  the 
process  of  coking,  or  preparing  the  coal  in  the  feeding- 
mouth,  wa»  very  imperfect,  and  but  a  small  part  of  the 
coal  necessary  to  feed  the  fire  wae  affected  by  it,  so  as  to 
givo  out  less  smoke  when  forced  upon  the  grate;  secondly, 
though  the  judicious  admission  of  air  to  enable  the  smoke 
to  ignite  was  found  advantageous,  yet  a  small  excess  ad- 
mitted was  found  to. have  a  very  injurious  effect  in  cool- 
ing the  boiler;  and  as  the  quantity  of  air  required  for  the 
combustion  of  the  smoke  must  vary  every  moment  of  the 
interval  between  <ke  times  of  renewing  the  fire  (perhaps 
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fifteen  or  twenty  minutes),  nothing  short  of  the  greatest 
care  and  unremitting  attention  to  the  admission  of  the  air 
eould  accomplish  tb^  object  with  economy.    This  care  on 
the  part  of  the  workmen  could  very  rarely  be  obtained; 
and  proprietors  of  steam  engines  have  found  that,  for 
want  of  this,  the  burning  of  smoke  has  been  too  expensive 
for  them  to  persevere,  in.    The  witness  having  turned  his 
attention  for  some  years  io  this  subject,  had  discovered  a 
method  by  which  the  smoke  might  be  consumed  economi-» 
cally,  and  its  practicability  was  less  objectionable  than  the 
methods  usually  adopted ;  first,  by  putting  the  coal  upon 
the  grate  by  small  quantities,  and  at  very  short  intervals, 
say  every  two  or  three  seconds;  secondly,  by  so  disposing 
of  the  coal  upon  the  grate,  that  the  smoke  evolved  must 
pass  over  that  part  of  the  grate  upon  which  the  coal  was 
in  full  combustion,  and  was  thereby  consumed^  thirdly, 
as  the  introduction  of  the  coal  was  uniform  in  short  spaces 
of  time,  the  introduction  of  the  air  was  also  uniform,  and 
required  ao  attention  from  the  fireman.    As  it  respected 
economy  ;-*first,  the  coal  was  put  upon  the  fire  by  an  ap- 
paratus driven  by  the  engine,  and  so  contrived,  that  the 
quantity  of  coal  was  proportioned  to  the  quantity  of  work 
die  engine  was  performing,  and  the  quantity  of  air  ad- 
mitted to  consume  tlie  smoke  was  regulated  in  the  same 
manner;  secondly,  the  fire-door  was  never  opened  except 
to  clean  the  fire;  the  boiler  of  course  was  not  exposed  to 
that  continual  irregularity  of  temperature  which  was  un- 
avoidable in  the  common  furnace,  and  which  was  found 
exceedingly  injurious  to  boilers;  thirdly,  the  cmly  atten- 
tion required,  was  to  fill  the  coal  receiver  every  two  or 
three  hpurs,  and  clean  the  fire  when  necessary;  fourthly, 
the  coal  was  more  cpmpletely  consumed  than  by  the  com- 
mon furnace,  as  all  the  effect  of  what  was  termed  stirring 
up  the  fire  (by  which  no  inconsiderable  quantity  of  coal 
was  passed  into  the  ash-«pit,)  was  attained  without  moving 
Hlie  coal  upon  the  grate.     In  a  twenty-horse  engine,  the 
increased  expense  of  the  erection  of  his  apparatus  was 
from  £75  to  £100. 

The  apparatus  alluded  to  by  Mr.  Brunton  was  in  the 
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course  of  being  patented  to  him  about  tbe  same  period  of 
time.  The  specification,  which  was  enrolled  in  December, 
1819,  describes  the  furnace  to  be  of  a  circular  form,  and 
"evolving  in  a  horizontal  plane,  on  a  vertical  axis  in  the 
fsentre  of  the  ash-pit,  under  the  boiler,  by  which  means 
ihe  heal  is  distributed  uniformly  over  its  bottom,  and  tbe 
fuel  is  supplied  ta  the  grate  in  regular  quantities  from 
a  hopper  placed  above.  Motion  is  given  to  the  grate  by 
means  of  a  horizontal  shaft  and  bevel  gear  underneath, 
and  the  speed  at  which  it  moves  is  at  the  rate  of  about 
one  revolution  per  minute^  for  a  boiler  five  feet  in  dia- 
meter. Every  time  the  grate  arrives  at  a  certain  point, 
the  channel  from  the  coal  hopper  is  opened,  and  a  suffi- 
cient quantity  of  fuel  supplied.  To  prevent  the  air  from 
passing  at  the  edges  or  periphery  of  the  revolving  grate, 
a  descending  rim  proceeds  from  it,  which  enters  into  a  cir- 
cular trough  which  is  filled  with  sand  or  water,  conse- 
quently all  the  air  entering  the  ash<pit  must  pass  through 
the  bars;  as  the  grate  revolves,  a  scraper  is  carried  round, 
whicji  gathers  up  the  ashes  as  they  fall  into  the-  ash-pit 
below. 

In  the  following  year,  1820,  Mr.  Brunton  took  out  a 
second  patent  for  improvements  in  the  arrangements  of  the 
last«mentioned  apparatus.  These  improvements  chiefly 
consisted  in  a  means  of  raising  or  lowering  the  furnace  at 
pleasure,,  so  as  to  diminish  the  heat  to  the  boiler  suddenly ; 
also,  in  a  new  mode  of  feeding  the  fire. 

^'  The  shaft  of  the  circular  fire-grate,  or  the  axle  upon 
which  it  revolves,  is  to  pass  through  a  hole  as  a  guide,  in 
a  bearer  of  iron  built  in  the  brick-work,  and  receives  its 
support  at  bottom,  upon  another  bearer  of  iron,  which  is 
to  be  capable  of  sliding  up  or  down  in  grooves,  so  as  to 
elevate  or  depress  the  fire.  To  this  last-mentioned  bearer 
is  to  be  attached  a  rack  and  pinion,  or  a  lever,  by  means 
of  which  the  grate  may  be  raised  and  lowered  at  pleasure. 
Upon  the  upper  end  of  the  shaft,  above  the  upper  sup  • 
porting  bar,  are  extended  two  or  more  arms,  carrying  a 
strong  ring  of  cast-iron,  intended  to  receive  the  iron  bars, 
which  are  to  be  placed  pa  *allel  to  each  other,  for  the 
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grating^of  the  fire;  and  Tound  the  periphery  of  the  cir- 
cular grate  is  to  be  a  double  rim  of  sheet-iron,  rising 
three  or  four  inches  up,  and  forming  a  groove  to  be  filled 
with  sand ;  so  that  when  the  grate  is  raised,  another  ring 
of  irony  attached  to  the  wall  of  the  furnace  (built  with 
fire-brick)  may  fit  into  this  groove,  and  form  a  sand  valve 
for  the  use  of  excluding  the  atmospheric  air  from  passing 
up  the  sides  of  the  grate.  Two  or  more  passages  are 
made  through  the  brick-work,  for  the  purpose  of  admit- 
ting a  current  of  air  to  the  top  of  the  fire,  in  order  to 
assist  in  igniting  the  smoke,  if  necessary.  These  passages 
are  to  be  opened- or  shut  at  pleasure. 

^^The  fire-feeder  is  shaped  as  a  hopper,  placed  over  the 
feeding  hole,  and  the  delivery  aperture  at  bottom  is  capa* 
ble  of  contraction,  as  may  be  required.  Below  this  is  a 
plate  of  iron,  placed  in  an  inclined  position,  and  suspended 
upon  pivots,  for  the  purpose  of  being  agitated,  in  order  to 
distribute  the  fuel,  and  supply  the  fire  equally.  There  is 
also  a  shovel  upon  rollers,  passing  from  a  coal-box  to  the 
feeding  hole,  which  is  moved  by  means  of  a  rod  or  chain 
communicating  with  the  engine."* 

In  a  subsequent  sitting  of  the  committee  of  the  House 
of  Commons  to  that  which  we  have  referred,  Mr.  Brunton 
stated  that  he  had  applied  the  improvements  in  his  appa- 
ratus to  several  concerns  with  eminent  success,  and  that 
they  had  unifoi^mly  effected  a  saving  of  coal,  which,  on  an 
average,  was  more  than  30  per  cent. ;  and  there  was  much- 
less  scoriflB  or  clinker  formed  from  the  same  quantity  of 
coal  than  in  the  ordinary  fire,  and  that  was  formed  in  thin 
laminffi  upon  the  grate;  and,  in  general,  while  three 
bushels  of  coals  per  hour  were  consuming  upon  the  grate, 
the  bars  were  seldom  so  hot  as  to  discolour  writing-paper 
when  pressed  against  them.  By  the  very  equal  distribu- 
tion of  the  coal  upon  the  surfece  of  the  grate,  a  thin  fire 
and  a  sharp  draught  was  maintained ;  and  this  was  effected 
by  the  coal  being  introduced  in  small  quantities,  falling 
upon  the  whole  of  the  area  of  the  fire  in  regular  succes- 
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sion.  Secoiully)  the  coal  was  introduced  upon  the  fire 
without  opening,  the  fire-door,  and  this  was  effected  bj 
dropping  the  coal  through  the  roof  of  the  supplementary 
boiler.  Thirdly,  the  decomposition  of  the  coal  was  much 
more  perfect  than  by  the  common  furnace,  and)  this  was 
effected  by  the  revolving  of  the  grate,  which  exposed 
each  side  of  every  piece  of  coal  in  the  grate  to  the  current 
of  the  fire  passing  constantly  in  one  direction  across  it. 
Fourthly,  the  introduction  of  the  coal  was  completely 
governed  by  the  steam  generated,  analogous  to  a  water- 
wheel,  governing  by  its  velocity  the  quantity  of  the  water 
permitted  to  fall  upon  it ;  thus,  considering  the  produc-^ 
tion  of  the  effect,  and  the  introduction  of  .coal  as  the 
cause,  the  former  had  a  perfect  check  over  the  latter,  and 
at  no  time  admitted  more  coal  into  combustion  than  was 
really  necessary  for  the  performance  of  the  work  which 
the  engine  was  then  doing.  Fifthly,  the  whole  apparatus 
being  a  very  simple  mechanical  arrangement,  acted  inde- 
pendently either  of  the  skill  or  the  carelessness  of  the 
fireman.  Small  coal,  of  greatly  inferior  cost  to  the  coal 
generally  used,  answers  well  with  a  furnace  of  this  kind, 
and  thereby  effects  ap  important  saving.  A  thin  fire,  with 
a  sharp  draught,  produces  the  maxuntHn  effect,  because 
the  greater  the  quantity  of  oxygen  brojught  into  tontact 
with  the  coal  in  combustion,  the  greater  heat  is  obtained. 

Smoke'Consuming  Furnace,  by  John  Walker,  Jun.  of  Ken-- 

nington  Cross. 

The  abovementioned  individual  was  one  of  the  wh» 
nesses  examined  by  the  select  committee  of  the  House  of 
Commons,  in  1819.  He  stated  that,  by  his  plan  of  heating 
the  boiler  of  steam  engines,  a  saving  in  the  consumption 
of  fuel  to  the  extent  of  75  per  cenL  was  effected,  result- 
ing, in  a  great  measure,  as  ha  explained,  by  employing 
coke  as  the  fuel,  and  the  preparation  of  that  coke  in  an 
adjoining  chamber  or  oven,  the  gases  emanating,  from  the 
coal  being  ignited  by  passing  through  the  burning  coke 
on  the  grate  beneath  the  boiler,  whence  the  heated  air 
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and  products  of  combustion  took  two  turns  round  the 
fwiler,  before  entering  the  chimney.  Mr.  Walker  pre- 
sented to  the  committee  some  drawings  of  bis  mode  of 
eonstructing  such  furnaces,  from  which  we  have  made  the 
annexed  copies. 

(FIG.  I.)  (FIG.  2.) 


It  does  not  appear,  from  (he  published  report  of  ihe 
committer,  that  any  explanations  of  the  foregoing  figures 
accompanied  them,  but  we  think  the  arrangement  deline- 
ated will  be  clearly  understood  without  them.  Fig.  J,  h 
evidently  a  longitudinal  and  vertical  section  of  the  boiler, 
furnace,  and  cfaininey;  fig' 2,  repretsents  a  transverse  sec- 
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(FIG.  3.) 


tion  of  the  boiler  and  furnace;  and  fig.  3,  a  plan,  or  hori* 
zontal  section,  above  the  lerel  of  the  grating  for  the 
boiler,  indnding  a  section  of  the  xoke  oven. 

Witfa  regard  to  the  expense  of  this  hind  of  furnace,  the 
inventor,  who  is  a  bricklayer,  and  therefore  a  competent 
judge,  said,  that  in  a  new  erection  there  would  not  be  any 
additional  ezpuise  above  the  common ;  and  he  would 
guarantee  that  there  should  be  no  expense  incurred  by 
the  proprietor  for  three  years  after  the  building.  The 
expense  of  altering  furnaces  to  this  plan  would  not  be 
considerable;  the  amount  would  depend  on  the  circum- 
stances of  the  case.  The  expense  of  repairs,  be  observed, 
would  be  less  upon  his  new  plan  than  on  the  ordinary 
plans :  the  repairs  would  chiefly  consist  of  new  fire-bricks, 
when  the  furnace  would  last  the  same  term  over  again. 

Furnace  for  the  Coruumption  qf  its  oum  Smokej  by  Benja- 
min Merriman  Coombs,  0/G6,  High  Holbont. 

Two  plans  were  submitted  by  Mr,  Coombs  to  the  com- 
niiltee  of  the  House  of  Commons,  which  are  printed  in 
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their  report.  The  first-described  plan  is  accompanied 
with  six  elaborate  engravings,  which^  as  we  cannot  trans- 
fer them  to  this  place,  we  shall  endeavour  to  give  only  a 
concise  verbal  description  ef« 

The  coals  are  put  into  a  large  hopper,  above  the  fur- 
nace, and  pass  from  thence  between  three  iron  cylinders, 
(the  revolution  of  which  reduces  such  coals  as  are  too 
large  to  pass)  down  an  inclined  plane,  falling  upon  a  cir- 
cular iron  plate,  placed  near  to4he  bottom  of  a  cylindrical 
well  or  hole,  which  is  directly  underneath  the  boiler. 
This  plate  is  made  to  slide  up  and  down  in  the  well,  by 
the  action  of  a  toothed  rack  and  pinion,  affording  the 
means  of  readily  damping  the  fire,  by  depressing  (he  bed 
of  coals,  which,  together  with  the  opening  of  the  furnace- 
door,  lowers  the  temperature  immediately.  The  first 
heat  of  the  fuel  is  directed  upon  a  mass  of  iron,  which 
becoming  red-hot,  consumes  the  smoke  passing  over  it: 
there  are  also  ^  Welch  lumps''  to  receive  the  direct  action 
of  the  fire,  and  ignite  the  smoke  passing  by  them.  The 
furnace  being  supplied  with  uniform  quantities  of  fuel  in 
a  divided  state,  by  means  of  the  hopper  and  crushing- 
rollers,  what  falls  upon  the  red-hot  fuel  is  quickly  in- 
flamed, so  as  to  produce  but  little  smoke;  and  the  fire  is 
stoked,  without  opening  the  door,  by  means  of  a  raker 
passing  through  a-small  hole,  the  furnace-man  having  the 
means  of  inspecting  the  progress  of  the  fire  through  some 
small  squares  of  talc,  or  Muscovy  glass^  Having  ex- 
plained the  principal  arrangements  of  this  apparatus,  we 
pass  i>ver  the  details,  and  proceed  to  the  description  of  the 
other  plan  mentioned^  which  is  represented  in  the  sub- 
joined cuts. 

Fig.  1,  exhibits  a  vertical  section  o^  a  boiler  and  fur- 
nace : — a  is  the  fuel  hopper,  to  convey  the  coals  into  the 
front,  or  side  of  the  fire.  6  6  three  iron  rollers,  to  reduce 
the  coals  to  a  small  size,  and  supply  the  fire  with  a  uni- 
form quantity,  as  the  consumption  requires,  c  is  the  front 
gratings  and  only  aperture  for  air;  the  coals  being  always 
above  the  front  bars,  the  air  must  pass  through  the  firo 
and  become  heated,     d  d  a  massive  lump  of  iron,  with  a 
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(FIG.  2.) 


(PIG.  I.) 

"  return  end,"  to  receive  the  first  heat ;  and  m,  an  aper- 
ture through  the  same,  for  flame  to  pass,  to  assist  and 
ignite  the  smoke  that  may  pass  through  the  internal  flue  e. 
/  a  the  bottom  of  the  boiler,  and  g  the  lop.  The  back 
flue,  which  leads  through  the  boiler,  is  cast  of  great  thick- 
ness, BS  shown  by  the  piece  t,  and  that  on  the  opposite  side 
of  tile  flue,  the  latter  running  through  it ;  it  the  man-hole, 
for  cleansing  the  internal  flue;  p  is  a  damper;  «a  door  to 
the  ash-pit,  made  air-tight. 

Fig.  2,  is  an  end  view  of  the  boiler,  the  tetters  of  refe- 
rence thereon  denoting  the  parts  exhibited  in  the  other 
figure. 
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Patent  Boiler  Furnaces^  by  John  Wakefield^  of  Manchester. 

1820. 

This  plan  consists,  as  stated  in  the  specificatioD,  in  pla** 
cing  checks  or  stops  in  the  Hues  of  fnniaceS}  for  the  pvr* 
pose  of  iaipedinf;;  the  progress  of  the  flame-  and  heated 
▼aponr^'in  order  that  tinae  may  be  allowed  to  impart  its 
heat  to  the  boiler.  The  patentee  observes,  thM^  before 
the  date  of  this' patent,  he  was  in  the  practice  of  introda- 
cing  checks  behind  the  breast  of  the  furnace,  at  right 
angles  to  the  sides  of  the  bed,  or  bottom  part  of  the  flue. 
His  present  inrention  is  stated  to  consist  in  making  those 
checks  which  are  placed  in  the  farthest  part  of  the  flue  to 
stand  obliquely,  inclining  towards  the  front,  by  which  the 
egress  from  the  flue  may  be  impeded.  The  checks  consist 
of  partitions  of  brick-work,  extending  from  the  sides  of 
the  flues  to  rather  more  than  half-way  across;  their  in- 
clined positions  causing  the  first  pair  to  conduct  the  second 
pair,  and  to  retain  the  heated  vajpour  under  the  boiler,  in 
a  manner  better  calculated  to  produce  the  desired  efiect 
of  heating  the  vessel,  than  if  they  were  placed  at  vight 
angles.  The  number  of  these  checks  so  disposed,  may  be 
four  or  six,  according  to  the  length  of  the  boiler.  In  the 
front  of  the  breast,  there  is  a  curb  or  projection  towards 
the  fire,  intended  to  impede  the  progress  of  the  uncon- 
sumed  smoke,  which  would  otherwise  pass  off  quickly 
with  the  heated  vapour  into  the  flue,  and  being  deprived 
of  its  oxygen,  would  escape  unconsumed.  But  by  means 
of  this  curb,  the  smoke  is  arrested  in  its  progress,  and  at 
the  same  time  is  met  by  a  current  of  fresh  air,  supplied 
through  blowers  leading  from  the  ash-pit  to  that  part  of 
the  furnace,  by  which  means  it  is  forced  back  down  upon 
the  fire,  and  its  combustion  effected. 

Another  improvement  described  under  this  patent  con- 
sists in  placing  the  bars  of  the  fire-grate  radially,  that  is, 
much  closer  together  in  the  front  than  at  the  hinder  part. 
The  advantage  of  this  arrangement  is,  that  the  small  coals 
are  prevented  from  falling  through  the  grating  at  the 
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time  of  feediDfr,  and  get  coagulated  -together  before  they 
are  pushed  toward^  the  farther  part  of  the  grate.  This 
disposition  of  the  bars,  however,  the  inventor  observes,  he 
had  exercised  prior  to  the  date  of  his  patent,  and  there- 
fore dfoes  not  claim  it,  but  baa  since  introduced  an  im- 
provement upon  tt,  which  forms  a  part  of  this  patent,  viz. 
instead  of  laying  all  the  bars  radially,  he  now  lays  from 
three  to  six  of  the  bars  (according  to  the  width  of  the 
grate)  parallel  to  each  other,  in  the  sides  of  the  grate, 
placing  the  radial  portion  of  the  bars  in  the  middle  of  the 
grating.  The  reason  of  phicing  these  side-bars  parallel, 
is  for  the  purpose  of  allowing  the  teeth  of  a  rake  to  be 
passed  along  the  side  of  the  grate,  between  these-  bars,  by 
means  of  which  the  coals  are  pushed  to  the  back  part  of 
the  fire.  This  rake  may  run  in  and  out  upon  a  roller,  and 
rise  and  fall  by  pivots,  and,^  if  required,  be  worked  by  a 
rack  and  pinion,  or  in  any  convenient  manner.* 

Patent  Smoke'Consuming  Apparatus^  by  Joriah  ParkeSy  of 

Warwick.     1820. 

This  apparatus  differs  in  a  very  trifling  respect  from  its 
predecessors,  yet  the  patentee  having  succeeded  in  getting 
it  applied  to  the  steam  engines  of  several  large  works,  ob- 
tained likewise  the  testimony  of  the  proprietors  of  those 
establishments  before  the  committee  of  the  House  of  Com- 
mons; and  through  the  medium  of  the  latter,  and  its  pub- 
lished reports,  it  acquired  a  celebrity  to  which  (in  justice 
to  others)  it  was  but  little  entitled. 

The  boiler  is  supported  at  its  angles  only,  so  that  very 
nearly  the  whole  of  its  bottom,  and  the  lower  portion  of 
its  sides,  may  be  exposed  uninterruptedly  to  the  immediate 
influence  of  the  fire.  A  large  supply  of  coals  is  deposited 
in  a  space  of  twenty  or  thirty  inches,  left  between  the 
furnace  door  and  the  bars  of  the  grating,  for  the  purj^ose 
of  being  pushed  forward  upon  the  latter,  by  a  long-han- 
dled instrument,  without  opening  the  door  for  replenish- 
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ing  the  fire,  which  cools  the  boiler,  and  causes  the  emis- 
sion  of  much  dense  smoke  at  the  chimney.  The  ash-pit  is 
uninclosed;  at  the  back,  a  channel  is  cut  through  the 
brick-work,  for  the  admission  of  a  current  of  cold  atnio- 
spheric'aii'  to  the  throat  of  the  chimney,  or  that  part  of  the 
flue  through  which  all  the  smoke  must  pass,  in  its  exit 
fi*om  the  furnace;  and  this  current  is  so  directed  as  to 
drive  back  the  vapour  into  the  furnace,  which  inflames 
the  combustible  matter  of  the  smoke.  The  lower  end  of 
the  air  channel,  in  the  ash-pit,  is  provided  with  a  flap* 
valve,  which  being  operated  upon  by  the  handle  of  a  long 
rod,  extending  to  the  outside  of  the  front  of  the  furnace, 
the  aperture  into  the  channel  is  enlarged  or  diminished, 
and  consequently  the  supply  of  air  may  be  regulated  ac- 
cording to  circumstances.  The  saving  in  fuel  eflected  by 
this  method  of  working  a  fire,  is  stated  to  be  from  25  to  35 
per  cent. 

Smoke-consuming  Apparatus^  by  Matthew  Murray^  Leeds. 

1821. 

Most  of  our  readers  must  have  observed  that  the  very 
dense  black  smoke  which  issues  from  the  chimneys  of 
steam  engines  is  not  constant;  that  it  commences  at  the 
time  of  putting  on  fresh  fuel,  and  continues  for  a  few  mi- 
nutes afterwards.  At  this  time,  owing  to  the  increased 
combustion,  the  air  finds  its  way  throusrh  the  fuel  with 
less  opposition,  and  the  evolution  of  dense  black  smoke 
ceases  until  the  next  charge  of  coal<(.  To  supply  the  re- 
quisite quantity  of  air  to  burn  this  black  smoke,  the 
late  Mr.  Murray  devised  a  very  ingenious  machine.  It  is 
described  in  a  letter,  addressed  to  the  editor  of  the  Lon- 
don Journal  of  Arts,  dated  Feb.  15,  1821,  where  he  ob- 
serves— ^'  The  most  efiectual  method  yet  known  for  con- 
suming smoke,  is  by  the  admission  of  a  large  quantity  of 
air  to  the  hottest  part  of  the  fire,  at  llie  time  the  smoke  is 
bursting  from  the  recent  charging  of  coal.  The  necessary 
quantity  of  air  to  be  admjtt  d  ought  not  to  be  less  than 
may  pass  through  an  aperture  of  four  square  inches  for 
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each  horsepower  that  the  boiler  or  fire  is  equal  to.  This 
will  consume  the  smoke  in  from  three  to  five  minutes, 
according  to  the  quantity  and  quality  of  coal  put  on  at 
each  time*  The  times  of  charging  being  not  more  than 
five  times  in  an  hour,  nor  less  than  three.  The  air^s 
rushing  into  the  flue,  is  the  moving  power  for  giving  mo* 
tion  to  my  new  regulating  machine,  which  continues  in 
motion  during  the  consumption  of  smoke,  but  no  longer. 

'^  By  this  method  there  is  no  unnecessary  loss  of  heat, 
^6,  when  the  aperture  is  left  open,  or  the  shutting  it  oflT 
is  entrusted  to  the  uncertainty  of  neglect,  which  is  the  case 
if  regulated  by  hand,  and  from  whence  a  great  loss  of  fuel 
is  the  cqnsequence." 

The  opening  of  the  fire-door,  to  admit  the  fuel,  puts 
the  machine  in  a  state  for  measuring  off  the  quantity  of 
air  to  be  admitted  after  each  charging;  drawings  and  de* 
scriptions  of  this  apparatus  are  given  in  the  beforemen* 
tioned  work,  vol.  ii.  but  we  will  here  endeavour  to  afford 
the  reader  an  idea  of  it,  without  drawings. 

The  ihachine  consists  of  a  sheet-iron  box,  containing  a 
light  fan-wheel,  from  which  proceeds  a  capacious  tube, 
communicating  with  the  fire-place,  and  containing  a  turn- 
ing valve,  which  opens  or  closes  the  passage ;  the  mecha- 
nism through  which  these  operate  we  will  explain,  witk 
its  mode  of  action. 

When  the  fire-door  is  opened  to  take  in  fresh  coal,  it 
discharges  (by  meaner  of  a  wire  and  slip  catch  connected 
to  the  door)  a  pall,  which  sets  at  liberty  a  suspended 
weight,  which  by  its  descent  turns  a  ratchet-wheel  one 
revolution  and  a  quarter,  which  places  the  turn-valve 
edgeways  against  the  current,  and  leaves  a  free  .commu- 
nication between  the  atmosphere  and  the  upper  side  of 
the  fire.  In  tbb  state  of  rest  the  machine  remains,  until 
the  fire-door  is  shut,  when  the  curtent  of  air  enters  the 
machine,  turning  rapidly  the  fan-wheel,  which  having  a 
pinion  on  its  axis  of  only  one  tooth,  gives  a  slow  motion 
to  a  light  spur-wheel  of  many  teeth;  this  wheel,  through 
I  he  medium  of  a  eatcb-rod  and  other  simple  mechanism, 
gradually  closes  the  turn-valve*  the  smoke  having  IneQ 
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consumed,  the  fire  continues  burning,  until  a  fresh  supply 
of  fuel  is  necessary,  when  the  fire-door  is  opened,  and  the 
whole  operation  is  repeated. 

Patent  Apparatus  for  Consuming  Smoie^  by  W.  Pritchardj  * 

(^  Leeds.  1821.        ' 

The  patentee  states,  in  his  specification,  that  he  has  ob- 
served that  the  admission  of  fresh  air  into  the  furnace  is  ne- 
cessary to  the  consumption  of  smoiie ;  ^'and  that  if  the  doors, 
•r  air-flues,  are  not  closed  in  proper  time,  the  cold  air  will 
cause  a  more  rapid  combustion  of  coal  than  is  necessary  or^ 
consistent  with  economy,  as  well  as  tend  considerably  to 
increase  the  wear  of  the  boiler.  Fro^  which  circum«: 
stances  he  has  been  induced  to  adopt  this,  his  simple  and 
new  invention,  whereby  a  self-adjusting^  or  self-regulating 
apparatus  is  produced,  which  will  cause  the  fire-doors  or 
air-fiues  to  become  closed  in  any  required  space  of  time,' 
without  depending"  upon  the  care  of  the  man  who  attends 
to  supply  the  fire  with  fuel.''* 

The  apparatus  consists  of  a  small  cylinder,  placed  in 
any  convenient  part  of  the  boiler  house,  having  an  air- 
tight piston  to  rise  and  fall  within  it.  At  the  upper  end 
of  the  piston-rod  a  chain  is  attached,  which  passes  over  pul- 
lies,  and  at  its  reverse  end  is  connected  to  the  top  of  the  fire- 
door  or  air-flue  doors ;  by  means  of  which  connexion,  when 
the  fire-door  is  raised,  the -piston  descends  in  the  cylinder 
by  its  own  gravity,  and  when  the-  fire-door  is  shut  down, 
ihe  piston  rises.  On  the  outside  of  the  cylindef  is  placed 
a  branch  pipe  or  channel,  through  which  the  air  passes 
(as  the  piston  ascends  or  descends)  from  the  upper  to  the 
lower  part  of  the  cylinder,  and  vice  versa.  In  the  mid- 
way of  this  branch  pipe  is  a  valve  or  stop-cock,  which 
may  be  so  adjusted  as  to  suffer  the  air  to  pass  slowly,  or 
by  a  very  small  stream,  through  the  channel ;  by  which 
means  the  ascent  of  the  piston  is  retarded,  and  hence  the 
entire  descent,  or  closing  of  the  fire-doors,  or  air*  flues, 
does  not  take  place  until  the  air  is  nearly  all  expelled 
from  the  upper  part  of  the  cylinder,  allowing  time  for  the 
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requisite  quantity  of  atmospheric  air  to  pads  into  the  air- 
flues,  or  over  the  fire,  for  the  purpose  of  consuming  the 
smoke ;  which  time  of  closing  the  doors  is  regulated,  as 
above,  by  the  valve  or  stop-cock  in  the  branch  pipe.* 

Patent  Furnace  far  Consuming  Smoke^  by  CteorgeStratUmy 

London.    1822. 

This  patented  contrivance  may  be  considered  as  a  modi« 
fication  of  Mr.  Watt's  plan,des^ibed  at  page  761,  wherein 
two  fires  are  employed.  Mr.  Stratton^s  specification  ex- 
hibits an  oblong  boiler,  set  in  a  furnace,  to  which  two 
fire-places  are  adapted;  one  of  them  is  in  front  of  the 
boiler,  being  supplied  by  a  funnel  from  above,  of  the 
dwpe  of  an  inverted  cone,  which  is  surrounded  by  water, 
and  there  is  a  common  fire*door  in  front,  to  be  used  when- 
ever necessary  to  have  access  to  the  burning  fuel.  At 
two-thirds  of  the  length  of  the  t>oLler  from  the  front,  ano- 
ther fire-grate  is  fixed,  and  the  coals  are  supplied  to  this  by 
a  similar  conical  funnel  to  the  before-mentioned^  which 
passes  through  the  boiler« 

The  fire  is  to  be  first  kindled  on  the  bars  of  the  interior 
grate,  by  dropping  thereon  the  necessary  fuel  from  above, 
through  the  boiler,  the  fuel  being  continually  added  until 
not  only  the  fire-grate  is  charged,  but  the  inverted  conical 
pipe  also  entirely  filled,  forming  thereby  a  cone .  or  pyra- 
mid of  coala,  extending  from  the  grating  to  the  top  of  the 
boiler,  where  an  air-tight  cover  is  put  on  the  funnel- 
feeder,  to  prevent  the  escape,  in  that  direction,  of  any  of 
the  products  of  combustion*  The  fire  in  the  front  of  the 
boiler  is  next  lighted,  and  the  coals  heaped  up  in  like 
n^anner,  by  entirely  filling  its  funnel  fiseder,  which  is 
closed  at  its  upper  orifice  by  another  air-tight  cover.  The 
air  is  admitted  from  the  ash-pit  of  this  fire,  which  passing 
through  the  bars  and  the  burning  fuel  above,  the  jcurrent 
of  flame  and  smoke,  in  its  course  to  the  chimney,  is  carried 
through  the  more  intensely  ignited  fuel  of  the  second  firc^ 
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where^  the  ^^ecifieatimi  states,  the  smoke  is  entirely  con- 
sumed*  Instead  of  metal  caps  to  the  funnel  feeders,  Mr. 
Stratton  proposes,  in  some  -cases,  to!  aidapt  hoppers  to  their 
superior  orifices,  fornished  with  sliding  valves. . 

It  does  not  appear  that  this  patentee  thinks  it  necessary 
to  introduce  any  fresh  atmospheric  air  to  the  smoke  from 
the  first  fire,  which  will  of  course  need  a  supply  of  oxygen 
for  its  combustion. 

The  claim  made  by  Mr.  Stratton,  in  the  specification  of 
hris  patent,  is  as  follows  :•— 

^^My  said  apparatus  may  rary  in  its  dimensions  and  pro- 
portions, to  suit  the  situations  to  which  it  is  applied ;  but 
an  apparatus  applicable  to  fires,  which  causes  the  smoke 
from  fires  to  he  consumed^  by  preventing  its  escape  from  the 
fuel  in  any  direction,  except  through  the  immediate  body  of 
the  fire  J  which  generates  it,  thereby  exposing  it  to  such  an  m«. 
tense  heat  cu  will  consume  it,  and  capable  of  being  added 
or  attached  externally  to  almost  any  part  of  any  shaped 
boiler,  being,  to  the  best  of  my  knowledge  and  belief,  en- 
tirely new,  and  n€t;«r  before  adopted  for  that  purpose  in 
this  kingdom,  I  intend  hereby  to  maintain  an  exclusive 
right  and  privilege  to  my  said  invention.'' 

This  claim,  though  worthy  of  remark,  is  by  no  means 
singular  or  extraordinary,  for  it  only  exhibits  the  same 
want  of  information  on  mechanical  subjects,  and  the 
same  incorrect  mode  of  defining  the  thing  invented,  which 
pervade  the  greater  portion  of  the  specifications  of  pa« 
tents  I  It  is  however  very  remarkable  that  the  patentee, 
who  iias  been  a  furnace-maker  the  greater  part  of  a  long 
life,  should, )Er«f,  claim  for  his  ^^  said  invention^*  a  totally 
different  thing  to  that  described  and  delineated  ;  the  lat- 
ter is  shewn  to  consist  of  two  fires,  in  which  the  smoke  ge- 
nerated by  the  first  i&consumed,  (or  intended  to  be  so)  by 
the  second,  while  the  claim  is  for  consuming  the  smoke  by 
the  ^^  immediate  body  of  fire  which  generates  itV^ — second, 
that  a  man  of  his  experience  should  re-invent  and  describe 
a  very  inferior  modification  of  previous  contrivances,  to 
which  the  utmost  notoriety  had  been  given,  by  patenting 
and  publishing  in  periodicals  and  pamphlets  (wc  allude  in 
34.  5  iL 
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particular  to  Mr.  Watt's  and  Mr.  Loab^sinventions^-^and, 
thirdly^  thi^t  be  should,  notwithstanding  these  cirenin* 
stances,  exclusiTely  elakn  for  his  invention  that  which  was, 
previously,  even  more  extensiviely  known  and  used' than 
chat  which  he  describM  !<  <  .      " 

Patint^^FueOing  Apparatus;^  by  Jain  SioMley^  qf  Ma$^ 

Chester.    1822. 


k  f 


We  have  now  to  describe  an  apparattijs,' in  which  a  self-; 
regulating  mode  of  supplying*  furnaces  with  fuel  is  intro« 
duced  ;  and  it  is  one  that  vTe  know  'has  :been  extensively 
and  successfully  reduced  to  practice*  It  forms  a  distinct, 
appendage  to  the  front  of  the -furnace,  of  any  ordinary 
boiler,  to  which  it  m&k^  a  very  neat  finish.  At  the. up- 
per part  is  a  hopper,  containing  a  9upp|y  of  ismaU  coals, 
sufficient  for  an-  hour  or  two's. idoosMinption.  Through  an 
aperture  at  the  lower  angular  extremity  of  this  .vessel,  the 
coals  drop  between  two  gropvei^  rplUrs,  which,  revolving 
in  opposite  directions,  break  the  pieces  of  coal  which  are 
too  large  to  pass  through  without;  being  crushed,  (the  disf- 
tance  between  the  rollers  determining  the  dimensions  of 
the  pieces  of  coal,  which  is  regulated  at  pleasure  by  turn- 
ing a  set^screw.)  After  passing  between  the  rollers,  the 
coals  fall  upon  a  flat  plate  of.  iron,  whence  they  are  con« 
tinually  projected  by  a  revolving  fniiner,  whic^  scatters 
them  over  the  burning  foel  t)n  the  grate,  where  it  lies  in 
a  thin  bed,  in  ord^r  that  the  air  may  have  a  more  free  pas* 
sage  between  thedbars ;  against  the  bridge  of  th^  furnace, 
however,  the  fuel  is  collected  in  a  deeper  mass  that  has 
ceased  to  flame,  and  the  small  quantity  of  smoke  rising 
from  the  fre^  fuel  in  rpassing  .  over  the  bridge  becomes  in 
consequei^ce  inflamed  and  consumed*  The  motions  of 
the  crushing  rollers,  and  the  fanning  distributor,  are  of 
course  communicated  from  the  engine  through  the  medium 
of  suitable  t^ommon  gear,  placed  outside  of  the  feeding 
apparatus. 

The  patentee,  at  the  conclusion  of  his  specification,  limits 
his  claim  of  invention  in  the  following  manner  : — ^^  I  do 
hereby  declare,  that  my  invention  consists  in  the  employ* 
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ment  and  application  of  theyiiit,  similar  to  the  one  herein- 
before described,  in  conjunctioa  with  the  hopper,  fluted 
roller  or  rollers,  or  with  any  other  mechanical  expedient, 
capable  of  producing  a  regular  supply  of  coals,  so  that 
the  coals  so  supplied  may  be^  by  the  fan,  as  aforesaid, 
thrown  upon  the  fire  <>r  furnace/' 

We  have  had  an  opportunity  of  observing  the  applica- 
tion of  this  very  exc^Ient  invention  to  a  large  engine  at  the 
South  Liambeth  Water-works,  to  which  two  forty- horse 
boilers  are  provided.  Previously  to  the  adoption  of  Mr. 
Stanley's  apparatus,  it  was  found  necessary  (as  we  were 
informed)  to  use  both  these  boilers  at  one  time,  in  order 
to  obtain  sufficient  steam  to  do  the  work^  and  the  labour 
of  the  fireman  was  at  that  time  found  excessive^  in  sup- 
plying the  fuel  by  hand.  Now,  however,  the  feeding  of 
the  fire  is  performed  without  manual  intervention,  and  the 
effect  of  the  fire  thus  mechanically  supplied,  is  so  much 
greater  than  before,  that  only  one  of  the  boilers,  instead 
of  both,  is  foundfully  ade(|uate  to  supply  the  dteam.  'The 
quantity  of  Aiel  required  is,  besides,  so  nicely  Regulated  by 
the  engine  itself,  that  the  instant  there  arises  an  excess  of 
steam  in  the  boiler,  the  feeding  apparatus  ceases  to  work, 
by  being  thrown  out  of  gear,  and  when  the  steam  falls  be- 
low the  required  pr^ure,  the  falling  of  the  mercury  puts 
the  machinery  into  gear  a^ain,  and  the  feeding  with  the 
fuel  recommences*:  The  large  coals  being  broken  by  the 
rollers  to  a  sufBcientlj  small  size,  ignition  takes  place 
almost  at  the  instant  they  are  received  into  the  furnace,, 
and  very  little  smoke  being  given  off,  thfiffi  .is  b.Mt  little 
requiring  subsequent  combustion.  The  mechanism  re* 
quired  to  give  efijciency  to  this .  app.aratus^  when  viewed 
as  a  whqle^ gives  it, an  elaborate  appearance;  yet  the;  seve-. 
ral  combinations,  taken  distinctively^  are  so  simple,  and 
adapted  to  their  object,  that  the  liability  of  derangement 
and  the  cost  of  repairs  must  be  trifling;  on  this  point  we 
were  informed  that  the  engineer  Who  put  it  up,  (Mr.  T. 
Thom'd!)',  of  Holland-street,  Blackfi:iars,  London,  agent  to 
the  patent^ep  offered  to  keep  it  in  repair  for  2  per  cent, 
of  the  firstcbst,  per  annum. 
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Patent  Method  of  Coiidenting  Smoix  and  MettiUie  Va- 
poursy  by  Mr.  Humphrey  Jeffrey,  of  Brist<U.    1824. 

The  highly  pernicious,  and  even  deleterious  effects  pro- 
duced upon  the  inhabitants,  the  cattle,  and  (he  vegetation, 
in  the  vicinity  of  works  for  the  smelting  of  copper,  lead, 
and  other  ores,  led  the  patentee  to  devise  the  following 
plan  ofa  flue,  as  a  remedy  for  the  evil,  which  may  be  ap- 
plied to  any  description  of  furnace,  fAr  the  condensation  of 
smoke,  where  a  supply  of  water  can  be  conveniently  ob- 
tained. 

The  above  figure  gives  a  verlical  Bectton  of  the  patent 
flue,  a  represents  a  common  flue,  proceeding  fi-om  any 
description  of  furnace ;  the  top  of  which  being  closed,  the 
vapour  proceeds  along  the  horizontal  branch  d,  into  the 
-^ndensing  shaft  b ;  on  the  top  of  this  second  shaft  is  placed 
1  cistern  of  water,  the  bottom  of  which  is  perforated  with 
numerous  small  holes;  and  being  duly  supplied  with 
water,  aconstant  shower,  like  fine  rain,  is  produced,  while 
(be  furnace  is  at   work.      The  showering  of  the  water 

■•  -09  a  strong  draught,  by  which  the  vapour  is  drawn  into 
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llw  tuTV^nty  and  immediately  condensed.  The  several  mat* 
ters  thuscondensed,  (particularly  sulphur^  in  large  quanti- 
ties), run  off  with  th^  wliter  through  the  passage  e,  into 
recipients  suited  to  the  nature  of  the  products  obtained  by 
the  operation.  When  only  one  common  wall  divides  the 
smoke  passage  from  the  condensing  shaft,  a  hole  through 
the  wail  of  the  same  area  as  the  chimne]^  will  answer 
equally  well. 

Furnace  for  Consuming  Smoke,  by  Mr.  George  Chapman^ 

of  Whitby.  1824. 

it  being  a  well-established  condition,  that  a  portion  of 
pure  atmospheric  air  must  be  admitted,  to  unite  with  the 
smoke  after  it  is  generated  in  the  furnace,  in  order  to  sup- 
ply the  oxygen  gas,  without  which  it  will  not  inflame ;  and 
it  being  an  equally  established  fact,  that  any  air  admitted 
into  the  body  of  the  furnace,  if  it  does  not  go  through  the 
burning  fuel,  has  a  great  tendency  to  cool  the  boiler,  and 
retard  the  generation  of  steam :  to  obviate  this,  it  had 
been  the  general  practice,  in  the  construction  of  furnaces 
to  consume  the  smoke,  to  admit  the  air  partly  at  the  ash 
pit,  and  partly  up  through  the  fire-bridge.  By  Mr.  Chap- 
niaif  s  plan^  however,  the  air  is  heated  before  it  enters  the 
furnace,  in  the  following. manner: — 

The  grate-bars  are  cast  hollow,  from  end  to  end,  so  that 
they  form  a  series  of  parallel  tubes,  which  open  into  two 
boxes,  one  placed  in  front,  and  the  other  behind  the  grate* 
In  the  front  bO'X,  directly  underneath  the  fire-door,  there 
is  a  register  to  open  and  shut,  to  any  extent,  at  pleasure. 
The  other  end  is  .connected  with  the  brick-work,  directly 
under  the  fire-bridge,  which  fire-bridge  is  made  double, 
with  a  small  interval  between,  about  one  inch,  the  inter- 
val to  go  across  the  furnace  from  side  to  side,  and 
rather  to  incline  forward,  or  towards  the  fire-door,  so  as 
to  meet  and  reverberate  the  snK^ke  on  to  the  ignited  fuel 
in  the  grate,  which  causes  it  to  inflame  and  become  a  sheet 
of  bright  fire  under  the  bottom  of  the  boiler. 

From  the  foregoing  it  will  be  perceived,  that  if  the  front 
register  is  open,  or  partially  so,  there  %vill  be  a  greal 
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draught  of  air  through  it,  along  the  interior  of  the  grate- 
bars,  thence  iato  the  ftue  of  the  fire-bridge^  and  out  of  the 
orifice  at  top,  which  air  will  be  heated  m  tU  passage 
through  the  hmn,  before  it  comes  in  contact  with  the  smoke^ 
when  it  will  gire  out  its'  oxygen^  and  cause  it  to  inflame.. 

In  a  letter  to.  the  Society  of  Arts^  from  whose  ^  Tran* 
saetions''  this  attcbuntis  taken,. Mr*  Chapman  ^iser¥«8y 
^^  Such  was  ray  view  of  this  part  of  the  subject  in  theory,  and 
I  have  found  it  to  succeed  in  practice,  in  a  small  engine  of 
my  own.  Ekit  a  further  imprpvemeht  was  necessary,  to 
make  it  quite  perfect.  There  are  tew  people  who  are 
aware  of  the  extent  of  the  mischief  arising  from  the  old 
method  of  charging  a  grate  by  the  front  dobr.  Now,  in 
my  engine  (which  is  only  iwo-horse  power,>  I  calculated 
that  every  time  the  fire-dMF  was  opened,  to  stir  the  -fire, 
and  replenish  the  fuel,  there  could  not  be  less  than  from 
45  to  50  cubic  feet  of  cold  atmospherical  air  admitted  into 
the  furnace,  which  so  cooled  the  heated  gases,  &c.  that, 
however  complete  the  plan  was  in  other  respects,  the 
smoke  could  not  possibly  inflarae'from  being  sacooled,  till 
a  considerable  time  after  the  fire<idoor  was  shut. 

^  To  obviate  this,  I  have  adopted  a  cast*iron  hopper 
above  the  fire*^door,  with  a  type  at  the  bottom  that  has 
two  pivots  at  one  side,  and  opens  at- the  other;'  one  pivot 
goes  through  the  end  of  the  hopper,  and:. has:  a  counter 
lever  to  keep  the  type^shut,  when  a  sufficient  quantity  of 
coal  for  a  charge  is  on  it.  The  top  of  the  hopper  is  co- 
vered with  a  lid,  which  I  shut  down  during  the  time  of 
firing ;  then,  by  lifting  the  lever  which  <^ns  the  type  in- 
side, the^coals^Iide  down  onto  the  fore.endrof  the  grate- 
bars,  which  is  only  the  work  of  a  momenti  i  It  is  evident 
that  no  quantity  of  cold  air  can  thus  get  into  the  :fiimace; 
in  fact,  it  is  not  possible  for  any  person- that  does  not  see 
the  operation  of  firing,  to  know -When -fi^esh  fuel  4s  added^ 
by  looking  at  ^the  top  of  the  x^himney.  The  smoke  that 
issues  is  never  more  than  a  light  greyf  jiist  perceptible, 
but  in  a  general  way  is  not  seen  at  all. 

^  The  coals  last  admitted,  after  lying  a  short  time  at 
the  front  of  the  more  ignited  fuel,  become  partially  coked, 
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and  just  before  I  admit  a  fresh  &nipply,  I  push  the  last 
charge  further  along  the  grate,  by  a  tool  made  for  the 
purpose,  which  remains  constantly  in  tile  furnace.  It 
consists  of  a  plate  of  iron,  about  four  inches  broad ;  its 
length  goes  across  the  grate,  with  a  round  bar  of  iron 
riveted  in  its  centre,  at  right  angles,  to  form  a  handle, 
which  comes  through  a  hole  made  in  the  bottom  of  the 
fire-door,  and  is  long  enough  for  a  man  to  use  with  both 
hands,  so  that  he  can  either  push  from  or  pull  towards 
him,  to  manage  the  fire  within,  without  opening  the  fire- 
door,  except  when  the  grate  wants  cleaning,  &c.  &c.  For 
better  knowing  when  the  fire  wants  stirring  or  replenish- 
ing, I  have  a  hole,  about  an  inch  in  diameter,  in  the  fire- 
door,  to  look  through,  covered  by  a  piece  of  iron,  which 
hangs  by  a  rivet  above. 

^<  After  I  have  used  the  above  instrument,  I  pull  it  up 
close  to  the  fire-door,  where  it  remains  till  it  is  again 
wanted;  and  the  coals,  when  let  into  the  fire,  fall  down 
beyond  it. 

^^  The  above- written  account  constitutes  the  whole  ot 
my  improvements,  as  far  as  id  req mired  by  the  Society,  but 
not  the  whole  of  the  advantaiges  gained  by  my  invention. 
For  instaiice,~  the  durability  of  tH^  grate^hors^  by  the  ad- 
mission of  air  through  them.  I  may  add  that  I  examined 
my  own  yesterday,  and  I  do  not  fiiid  them  any  worse,  al- 
though they  hsLve  been  in  use  since  the  beginning  of  Oc* 
tober  last  (1824)." 

Mr«  Chapman  concludes  his  letter  by  referring  the  So- 
ciety to  the  certificates,  which  accompany  the  communi- 
cation, of  several  scientific  g^ntlenvev  6f  Whitby,  all  of 
the  highest  respectability,  whose  attestations  confirm  the 
statement  of  the  inventor  in  every  important  particular. 

Reference  to  the  Ertgravings.'^Fig.  i,  is  a  section  of  the 
boiler  and  furnace ;  and  fig.  2,  a  view  of  the  hollow  bars 
as  they  open  into  (he  box  t. 

a  18  the  boiler,  b  the  fire-place,  c  the  feeding  hopper, 
with  its  cover  d,  and  its  type  or  turning  bottom,  with  its 
lever  or  counterpoise  €,  by  means  of  which  the  coals  are 
delivered  into  the  fire-place.    /  is  a  rake,  by  means  of 
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which  the  half-burnt  coals  are  poshed  forwards  previously 
to  lettinfi^  in  a  freah  charge;  g  a  stit  below  the  furnace- 
dcor,  throujch  which  the  shaft  «r  the  rake  passes;  A  an 
eye-hole  in  the  furnace-door,  throngh  which  the  state  of 
the  6re  is  seen ;  i  t  an  air-tight  box,  into  the  back  of  which 
the  bars  open,  and  in  front  of  which  is  a  register  for  the 
admission  of  air;  t  one  of  the  hollow  bars,  the  whole  of 
which  are  shown  in  6g.  3,  as  they  open  into  the  box  > 
aboTe-mentioned;  I  a  flue  in  the  fire-bridge,  through 
which  the  air  having  passed  into  the  box  t,  and  thence 
through  the  hollow  bars  k,  passes  into  the  furnace  and 
consumes  the  smoke. 

For  the  communication  of  the  foregoing  invention  to 
Ibe  Society  of  Arts,  the  Society  awarded  Mr.  Chapman  an 
honorary  medal. 


^tode  of  obviating  dense  Smoke,  by  Mr.  R.  Evtms,  of  Queeu 
Street,  Cheapside,  London.     IH'24. 

The  constituent  gases  which  form  water  -(oxyfen  and 
hydrogen)  being  powerful  supporters  of  combustion,  it  has 
oeen  attempted  by  Mr.  Evans  to  render  them  available  for 
that  purpose  by  dec<fmposini;  high-pressure  steam,  by 
causing  it  to  pass  through  the  strongly-ignited  fuet  of  the 
farnace.  The  apparatus  used  by  Mr.  Evans  for  thb  pur- 
pose is  delineated  in  the  preceding  cut,  where  A  represents 
an  end  view  of  the  boiler,  of  a  cylindrical  figure,  set  in 
brick-work  in  the  usual  manner;  B  is  the  internal  finv 
place,  contained  in  a  large  tube  denoted  by  the  dotted  cir- 
cle ;  C  is  the  ash-pit ;  d  a  branch  from  the  waste-pipe  of 
steam  engine ;  e  a  stop-cock ;  /  is  the  feeding  tube,  pierced 
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with  numerous  small  holes,  through  which  the  steam  es- 
capes in  little  jets  diffusing  itself  over  the  surface  of  the 
underneath  part  of  the  fire,  whence  in  passing  through  the 
burning  fuel  it  becomes  decomposed.  The  fuel  employed 
is  coke,  which  gives  off  little  or  no  flame,  when  the  steam- 
feeding  apparatus  is  not  used;  but  immediately  the  cock  e 
is  turned,  a  powerful  flame,  as  represented  at  9,  is  produced, 
presumed  to  be  from  the  burning  of  the  hydrogen,  result- 
ing from  the  decomposition  of  the  water.  Without  enter- 
ing here  into  the  discussion  whether  any  increased  eiEect 
is  produced  by  the  ^^  burning  of  the  steam,*'  there  can  be 
no  doubt  of  a  great  advantage  resulting  from  its  applica- 
tion in  blowing  the  fire,  which  it  manifestly  excites,  and 
raises  the  steam  to  much  greater  elasticity,  as  we  had  an 
oppoKunity  of  witnessing. 

Mr.  Evans's  premises  being  situated  in  a  closely-built 
part  of  the  town,  he  tried  every  means  in  his  power  to 
obviate  all  annoyance  to  his  neighbours,  from  the  emission 
of  dense  smoke  firom  the  chimney  of  his  steam  engine. 
With  that  view  he  first  made  trial  of  coke  in  his  furnace, 
but  was  under  the  necessity  of  relinquishing  it,  finding  that 
he  could  not  therewith  raise  the  steam  beyond  eighteen  or 
twenty  pounds  upon  the  inch,  however  unsparing  he  was 
in  the  quantity  of  coke  employed  ;  he  therefore  resorted 
to  the  use  of  coal  to  obtain  the  required  work  from  the 
engine.  Subsequently,  however,  it  occurred  to  him  that  he 
might  use  his  waste  steam  as  an  auxiliary  to  combustion, 
and  he  devised  an  apparatus  of  the  kind  we  have  just 
described ;  he  now  tried  coke  again,  and  the  result  ex- 
ceeded his  most  sanguine  expectations,  the  steam  being 
kept  up  steadily  to  about  thirty-five.  The  quantity  of 
coke  consumed  was  from  six  to  six  and  a  half  compared  to 
five  of  coals,  consequently  reducing  the  expense  to  nearly 
one  half. — Mr.  Evans  has  satisfactorily  proved,  by  the  con- 
stant use  of  this  apparatus  during  five  years,  its  economy 
in  saving  expense  of  fuel,  and  its  indispensable  utility  to 
himself,  in  entirely  obviating  the  necessity  of  creating  any 
dense  smoke. 

Mr.  Evans  found  that  a  considerable  quantity  of  water 
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was  reformed,  after  passing  through  the  furnace,  which 
obliged  him  toliave  a  cistern  fixed  at  the  bottom  of  the 
chimney  to  collect  it. 

Patent  Furnace-feeding  Apparatus'^  by  James  Barron^  of 

Birmingham.     1826. 

The  object  of  this  invention  is  to  feed  the  furnace  with 
fuel,  without  opening  the  furnace  door,  and  in  causing  all 
the  air  admitted  to  support  combustion  to  pass  through 
the  grate  bars.  A  large  tube  is  erected  in  a  vertical  posi- 
tion nearly  over  the  furnace;  this  tube  is  divided  into 
several  compartments,  one  over  the  other,  by  falling  bot- 
toms, and  having  openings  at  the  sides ;  opposite  to  each  of 
these  openings  is  a  box  or  tray,  charged  with  coal,  suspended 
upon  pivots  in  a  vertical  frame,  in  connexion  with  a  train 
of  wheels  that  by  their  revolution  draw  up  a  sliding  bar ; 
which  bar,  by  means  of  a  click,  successively  turns  over  the 
equipoised  boxes  of  coal,  into  one  of  the  compartments  of 
the  tube,  the  falling  bottom  in  which  now  giving  way,  dis- 
charges the  coals  through  the  tube  on  to  an  inclined  plane 
or  shoot,  which  distributes  them  upon  the  grate.  The  hot-* 
toms  of  the  several  compartments,  in  felling  by  the  weight 
of  the  coals,  depress  the  upper  end  of  a  long  lever,  the 
lower  end  of  which,  formed  into  a  rake,  is  thereby  caused 
to  ascend  and  rake  out  the  ashes  from  the  fire  bars  from 
underneath,  just  previous  to  the  distribution  of  the  fresh 
fuel.  In  this  manner  the  furnace  is  fed  with  small  quan- 
tities of  fuel,  and  at  uniform  periods  of  time  apart. 

Patent  Furnace  Grates^  by  Mr,  Jacomb^  of  Basinghalt 

Street,  London.  1826. 

The  principal  intention  of  the  inventor  was  the  con- 
struction of  grates  for  domestic  use,  but  he  includes  in  his 
specification  a  notice  of  their  application  to  steam  boilers. 
The  furnace  consists  of  a  cylindrical  cage  of  bars,  in  which 
the  fuel  is  put  at  the  top,  and  the  cylinder  is  then  turned 
half  a  revolution  on  its  bearings,  to  bring  the  fresh  fuel 
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under  the  ignited,  causing  the  smoke  firom  the  tresh  coal 
to  pass  through  the  ignited  portion,  and  be  consumed. 
The  following  description  is  extracted  from  the  third 
volume  of  the  Register  of  Arts. 

"Fig.  I.  represents  am  elevation  or  side-view  of  the  cy- 
lindrical furnace,  (or  store-grate,)  supported  upon  its 
hollow  axis  a  a,  which  rests,  and  revolves  when  required 
(as  will  hereafter  be  described)  on  the  supports  6  b.  The 
external  horizontal  bars,  which  contain  and  constitute  the 
support  of  the  fuel,  are  rivetted,  or  otherwise  fixed  to  the 
circular  ends  cc.  Fig.  S.  gives  an  end  view  of  this  cylin- 
drical furnace,  by  which  it  is  shewn  that  the  cylinder  is 
closed  at  one  end,  and  divided  into  equal  portions,  or  com- 
partments by  the  bars,  ddd^  at  the  other  end ;  these  divi- 
siions  extend  the  whole  length  of  the  cylinder,  S'"  that  the 
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furnace  is  thereby  divided  into  three  (or  it  may  be  any 
number  of)  distinct  compartments,  into  which  the  doors 
e  e  e,  severally  open  and  communicate,  a  represents  the 
interior  hollow  axis,  which  is  likewise  connected  by  bars 
from  end  to  end ;  through  this  opening  a,  air  is  admitted 
for  the  support  of  combustion,  and  for  the  requisite  stoking 
or  clearing  the  fire  of  asfhes  and  other  residuum,  as  well  as 
for  the  introduction  of  steam,  tar,  or  other  material,  for  in- 
creasing the  combustion.  Fig.  3.  is  a  plan  of  one  of  the  end 
circles  or  framesoc,  with  the  arms  ddcf,  as  before  described. 

^^  In  putting  the  apparatus  described  into  operation, 
when  applied  to  a  boiler  for  generating  steam,  it  is  to  be 
placed  within  a  flue  or  passage  through  the  boiler^  so 
formed  as  to  admit  the  apparatus  to  revolve  on  its  axis,  with 
the  feet  66,  resting  on  the  bottom  of  the  flue;  and  it 
should  be  inserted  so  far  within  the  flue,  that  the  end  at 
which  the  fire-doors  eee  are  fixed,  should  be  flush,  or 
parallel  to  the  outside  of  the  boiler,  as  shewn  at  fig.  4. 
In  this  position,  the  whole  of  the  space  between  the  ex- 
terior and  interior  cylinders  are  charged  with  coal,  coke, 
or  other  fuel,  and  the  uppermost  portion  is  then  lighted 
or  fired,  air  being  admitted  through  the  open  end  of  the 
cylinder  a,  and  through  the  bars  of  which  the  same  is 
formed.  As  soon  as  that  portion  of  the  fuel  contained  in 
the  uppermost  compartment  is  burned  to  that  state  in 
which  it  gives  ofi^  no  more  smoke  or  vapour,  the  whole 
cylinder  is  to  be  gradually  turned  in  its  hollow  axis,  in 
order  that  a  portion  of  the  fuel  contained  in  the  adjoining 
compartment  may  also  become  ignited.  By  this  action  it 
will  be  seen  that  the  smoke,  generated  by  the  lighting  of 
that  portion  of  the  fuel  beneath,  or  immediately  contiguous 
thereto,  is  compelled  to  pass  through  the  first  lighted  por- 
tion, and  is  thereby  consumed. 

^'  When  fresh  fuel  is  required,  it  is  to  be  thrown  into 
the  uppermost  division,  through  the  door  6,  and  upon  the 
top  of  the  ignited  fuel  contained  therein  ;  the  cylinder  is 
then  to  be  turned  on  its  axis,  so  as  to  bring  the  fresh  fuel 
under  that  which  is  ignited,  the  cylinder  being  turned  as 
often  as  may  be  required,   o  keep  the  live  fuel  on  the  top. 
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^^By  tbis  arrangement  it  will  be  observed,  that  all  the 
component  parts  of  the  coal  are  made  arailable  for  the 
production  of  heat,  and  the  draught  of  pir  conveyed  to  the 
centre  of  the  fire  in  any  quantity,  and  which  may  be  regu- 
lated to  the  greatest  nicety  through  the  centre  of  the 
cylinder. 

^^  The  rotary  motion  occasionally  given  to  the  furnace 
is  to  be  effected  by  a  lever,  inserted,  in  the  holes  on  the 
end  of  the  axis,  shewn  at  cc,  fig.  1,  or  by  some  other 
simple  mechanical  contrivance,  the  nature  of  which  will 
depend  upon  the  size  and  situation  of  the  apparatus.*" 

Patent  Boiler  Furttace^  by  James  Gilbertson^  b/  Hertford^ 

18S8. 

The  title  of  this  patent  expresses  it  to  be  ^^  an  improve- 
ment in  the  construction  of  furnaces,  by  which  they  con- 
sume their  own  smoke,*'  and  we  doubt  not  that  it  is  as 
well  calculated  for  that  purpose,  as  many  others  which  we 
have  described ;  the  novelty  of  its  arrangementSiare  how- 
ever but  slight.  In  most  of  the  previous  contrivances,  the 
air  to  burn  the  smoke  given  off*  from  the  fuel  on  the  grate, 
is  admitted  at  the  back  of  the  fire  from  the  ash-pit,  or  it 
is  conducted  through  the  bars  of  the  furnace,  which  are 
made  hollow  for  that  purpose,  as  in  Mr.  Chapman*s  inven- 
tion, recently  noticed.  Mr.  6ilbertson*s  plan  is  to  heat  the 
air  thus  supplied  by  causing  it  to  pass  between  ^^  hollow- 
plates,"  fixed  at  the  sides  of  the  furnace,  and  thence  into 
a  cavity  at  the  back  of  the  fire,  where,  ascending  through  a 
grating  above,  it  comes  in  contact  with  the  smoke  and 
causes  it  to  ignite.  The  "  hollow  plates,"  are  adapted  to 
aSbrd  a  greater  volume  of  air  than  Mr.  Chapman's  hollow 
bars,  and  the  increased  conducting  surface  to  convey  the 
heat,  as  well  as  their  more  favourable  position  to  absorb 
the  heat,  are  deserving  of  consideration.  The  admission  of 
more  air  than  is  necessary  to  suoply  the  required  quantity 
of  oxygen,  being  attended  with  loss  of  heat  to  the  boiler, 
suitable  valves  or  registers  shou  d  be  provided  to  regulate 
the  quantity. 
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American  Patent  Furnace  fo\ 
cite  Coal^  by  B.  How 

As  anthracite  contains  no 
no  smoke  during  combustion 
alone  would  completely  obv 
atmosphere.  Extensive  beds  < 
parts  of  Great  Britain,  and,  vc 
in  South  Wales.  The  Amei 
cessity,  have  managed  succe: 
a  variety  of  purposes,  to  \9 
inapplicable.  It  is  our  businc 
the  reader  an  account  of  Mr. 
the  generation  of  steam,  whi< 
cation  of  the  patent,  contaii 
Franklin  Institute.'' 

The  improvement  claime 
principle  of  the  interior  of  i 
a  separate  structure  from  th 
heated,  by  the  means  of  whic 
out  bringing  the  fuel  in  con 
body;  and  in  the  applicati* 
anthracite  coal,  increasing,  ii 
of  the  heat,  and  giving  it  th( 
the  communicating  flues  of 
to  be  heated. 

The  drawings  exhibit  a  fr 
and  a  section ;  all  upon  a  sea 

The  exterior  shape  and  [ 
pleasure,  provided  the  princi 
ing  the  heat  be  retained. 

With  a  furnace  of  this  c 
blast,  the  flame  and  the  heat 
required  extent  under  the 
other  body,  using  anthracite 
be  obtained  by  attaching  a  si 
lows,  to  the  engine,  and  the 
tion  by  using,  in  the  first  pla 
Power  enough  being  thus  ot 
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no  more  wood  will  be  required  until  after  the  fire  ha:) 
been  suffered  to  go  down,  and  is  to  be  again  renewed. 

The  coal  should  always  be  kept,  while  in  full  opera- 
tion, at  about  the  line  E,  or,  at  least,  so  much  abore  the 
flue  B,  that  it  may  become  perfectly  ignited  before  it  sinks 
to  that  level.  Attention  to  this  is  important  in  preserving 
a  uniform  temperature. 

The  additional  power  required  to  propel  the  bellows, 
beyond  that  necessary  for  the  ordinary  work  to  be  per- 
formed by  the  engine,  will  be  very  small,  it  is  believed 
not  more  than  a  single  horse  to  ^n  engine  of  what  is  called 
forty-horse  power,  or  about  two  and  a  half  per  cent. ;  but 
should  it  exceed  that  estimate  in  a  triple  proportion,  and 
experience  justifies  the  conclusion  that  it  will  not,  the 
eeoDomy  of  room  on  board  of  steam  boats,  where  room  is 
so  valuable,  with  other  advantages  hereafter  mentioned, 
and  the  saving,  in  all  places,  of  expense  in  fuel,  will  much 
more  than  compensate  this  disadvantage. 

But  in  addition  to  the  economy  effected  by  th^  intro- 
duction into  general  use  for  this  object,  of  a  fuel  existing 
in  inexhaustible  quantities  in  our  country,,*  to  the  excluf 
sion,  in  many  situations  at  least,  of  on^  daily  becoming 
more  scarce  and  costly,  a  further  and  important  saving  will 
result  iu  the  construc^on  of  boilers  adapted  to  this  fur- 
nace; nearly  all  the  space  now  occupied  by  the  wood, 
that  is,  the  furnace  part  of  -  the  boiler,  may  be  dispensed 
with,  and  in  its  place  be  substituted  a  narrow  flye  for  the 
passage  of  the.  heat  under  that  pact  of  the  boiler  contain- 
ing the  water.     The  part  that  may  be  dispensed  wiidi, 
forms  an  expensive  part  of  the  whole,  while  the  furnace 
in  which  the  heat  is  to  be  genera,ted,;being  of  a  less  ex- 
pensive material,  will  be  much  less  costly.     The  great 
objection   to   the   use  of  anthracite  coal,  in  generating 
steam,  arising  from  the  necessity  heretofore  supposed  to 
exist,  of  bringing  the  fuel  in  actual  contact  with,  or  near 
approach  to,  the  boiler  along  its  entire  surface,  is,  by  this 
plan,  entirely  obviated,  as  the  coal  here  is  never  in  con- 
tact with  the  iron,  which,  of  course,  will  be  much  more 
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durable  Ihkn  if  cblMtaBtly  acted  upon  by  the -direct  heat 
of  the  fuel. 

The  prinetple  tn'the  constmctMir  «f  rumnces,  and  the 
^neralion-and  application  oftteat  by  means  of  adtbracite 
coat  and  an*  artificial  blast,  may  be  applied  with  equal 
advantage  to  the  manufecture  of  g^Iaas,  eartlienware,  pot- 
tery, the  burning  of  brick,  and  ail  manafacturee  admitting 
n  like  application  of  heat. 

The  drawings,  tigs.  1,  3,  aod  3,  represent  an  elevatiou, 
a  vertical  section,  and  a  ^ground-plan,  all  apoB  a  scale  of 
sii^  (bH  to  an  iach;  and  tbe  same  letters  refer  to  the  cor- 
ree|M>nding  parts  of  eai^. 

A  A,  tuyeres  for  introducing  the  blaati  B  B,  line  of  flue 
for  the  passage  of  flame  and  heat  under  the  boiler,  or  other 
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^1,  or  body,  to  be  heated;  C  C,  chargtBg-docHV  for 
coal;  D  D,  cleaning-oiit  doora,  occasioDally  iiaed  as 
draogbt  doora;  E,  line  of  opper  sorfaee  of  coal;  F  P, 
grate-barB.  Wbere  it  it  ineoBTenient  to  ose  tbese,  tbe 
bottom  of  the  Auvace  B»y  be  cloeed,  as  tbe  Mast  will  sof* 
ficiently  ignite  the  coal;  and  the  wood  firet  used  may  be 
ignited  by  throwing  open  the  cleaning*oot  doors  at  D  D. 
O  6,  openings  to  promote  draught,  before  applying  blast. 
These  may  be  omitted,  in  like  manner  with  the  bars. 

The  furnace  should  be  lined  with  fire-brick,  and  cased 
with  cast-iron  plates,  secured  by  strong  bolts,  screws^  and 
keys ;  and  between  these,  common  brick  may  be  used*  If 
a  thin  packing,  or  lining  of  sand,  be  also  interposed,  it 
be  found  useful  in  preventing  injury  from  expansion. 


SECTION  VIII- 

THE  WEIGHT  AND  STRENGTH  OF  MATERIALS, 

The  inaccurate  experiments  and  discordant  results  which 
have  been  published  at  various  times  on  these  subjects, 
by  early  writers,  induced  Mr.  John  Rennie,  jun.  to  un- 
dertake a  series  of  exact  experiments  to  determine,  or 
approximate  as  near  as  possible  to  the  truth;  which  he 
communica^^ed  in  a  paper  to  the  Royal  Society,  in  whose 
Transactions  it  is  inserted  at  length ;  and  believing,  with 
the  ingenious  author,  that  they  ^^  will  tend  to  elucidate  a 
subject  which  is  lil^ely  to  form  one  of  the  principal 
branches  of  an  engineer's  education,  as  he  must  either 
proceed  *on  the  principle  of  science,  or  be  directed  by  a 
feeling  of  fitness,  which  is  to  be  acquired  only  by  devoting 
a  life-time  to  the  practice  of  his  art,"  we  hesitate  not  to 
avail  ourselves  largely  in  this  section  of  the  important 
iaformation  it  afibrds. 

The  knowledge  of  the  properties  of  bodies  whidi  coma 
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more  immediately  under  our  observfttion,  is  so  instromev* 
tal  to  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  serious  attention.  The  Royal  Society  ap- 
pears to  have  instituted,  at  an  early  period,  some  experi« 
ments  on  this  subject,  but  they  have  recorded  little  to  aid 
us.  Emerson,  in  his  Mechanics,  has  laid  down  a  number 
of  rules  and  approximations.  Professor  Robinson  in  bis 
excellent  treatise  in  the  Encyclopedia  Britannica^  Banks 
on  the  Power  of  Machines,  Dr.  Anderson  of  Glasgow, 
Colonel  Beaufoy,  ice.  are  those,  amongst  our  countrymen, 
who  have  given  the  result  of  their  experiments  on  wood 
and  iron.  The  subject,  however,  appears  to  have  excited 
considerable  attention  on  the  Continent.  A  theory  was 
published  in  the  year  1638,  by  Galileo,  on  the  resistance 
of  solids,  and  subsequently  by  many  other  philosophers. 
But,  however  plausible  these  investigations  appeared,  they 
were  more  theoretical  than  practical,  as  will  be  seen  in 
the  sequel.  It  is  only  by  deriving  a  theory  from  careful 
and  well-directed  experiments,  that  practical  results  can 
be  obtained.  It  would  be  useless  to  enumerate  the  la-> 
bours  of  those  philosophers,  who,  in  following,  or  vary- 
ing from,  the  steps  of  Galileo,  have  merely  tended  to 
obscure  a  subject  respecting  which  they  had  no  data  to 
proceed  upon.  It  is  sufficient  to  enumerate  the  names  of 
those  who,  in  conjunction  with  our  own  countrymen,  have 
added  their  labours  to  the  little  knowledge  we  possess. 
The  experiments  of  BuRbn,  recorded  in  the  Annals  of  the 
Academy  ofScienceSy  at  Parisy  in  the  years  1740  akd  1741 , 
were  on  a  scale  sufficiently  large  to  justify  every  conclu- 
sion, had  he  not  omitted  to  ascertain  the  direct  and  abso- 
lute strength  of  the  timber  employed.  It  however  ap- 
pears from  his  experiments,  that  the  strength  of  the 
ligneous  fibre  is  nearly  in  proportion  to  the  specific  gra- 
vity. Muschenbroech,  whose  accuracy  (it  is  said)  entitles 
him  to  confidence,  made  a  number  of  experiments  on 
wood  and  iron,  which,  by  being  tried  on  various  specimens 
of  the  same  materials,  afforded  a  mean  result  considerably 
higher  than  other  previous  authorities.  Experiments 
have  also  been  made  by  Mariotte,  Varignon,  Perrouet^ 
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SaiDttfl,  Roudelet,  Grautbey,  Navier^  Aubry,  and  Tester 
de  Norbeck,  as  also  at  the  Ecok  PoljfUchnique,  under  the 
direction  of  M.  Prony.  With  such  authorities  before  us, 
it  might  be  deemed  presumption  in  me,  to  offer  a  commu- 
nication on  a  subject  which  has  been  previously  treated 
by  acf  many  able  men.^  But  whoever  has  occasion,  to 
iovestiga^^;  the  ^principles  upon  which  anyedi6ce  fs  eon- 
structed^.  wbeirc^  the  combination  of  its  parts  are  more  the 
result  of  i|ncertain  rules  than  soand  principle,  will  soon 
find  how  sofinty  is  our  knowledge  on  a  subject  so  highly 
important.  The  desire  of  obtaining  some  appro»niatioa, 
which  could  pnly  be  accomplished  by  repeated  trials  on 
the  substances  themselves,  induced  Mr.  Rennie  to  under- 
take the  foUowing  experiments. 

The  apparatus  used  for  this  purpose  was  a  powerfal 
lever  of  the  second  class ;  it  consisted  of  a  flat  bar  of  the 
best  English  iron,  about  ten  feet  loqg,  one,  of  the  extre- 
mities being  formed  into  a  rul^-joint, .  by  which  it  was 
attached  to. 'ft.  stout  and  short  standard  of  wrought-iron, 
that  was  bolted,  to  a  massive  bed-plate  of  cast-iron ;  the 
hole  in  the  centre  of  the  joint,  and  the  pin  which  formed 
the  fulcrum,  were. accurately  turned,  so  as  to  move 
smoothly, and  freely.  The  lever  was  accurately  divided 
on  its  lower  edge,  which  was  made  straight  in  aline  wiiii 
the  fulcrum.  A  poi|»t  or  division  was  selected,  at  fife 
inches  from  the  fuleriun,  at  which  place  was  let  in  a  piece  of 
hardened  steel.  The  lever  was  balanced  by  a  weight,  and 
in  this  state  it  was  ready  for  operation.  But,  in  order  to 
keep  it  as  level  as  possible^  a  hole  was  drilled  througk  a 
projection  on  the  bed-^Iate,  large  eneugh  to  admit  a  stoUt 
bolt  easily  through  it,  which  again  was  prevented  fron^ 
turning  in  the  hole  by  mean^  of  :a  tongue  fitting  into  a 
corresponding  groove  in  the  hole.  So  that,.  i9  order  to 
preserve  the  level,  it  was  only  necessary  to  move  ttie.out, 
to  elevate  or  depress  the  bolt,  according  to  the  size  of  the 
specinien.  But  as  an  inequality  of  pressure  would  still 
arise,  from  the  nature  of  the  apparatus,  the  body  to  be  ex* 
amined  was  placed  between  two  pieces  of  steel,  the  pres- 
sure being  communicated  through  the  medium  of  two 
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pieces  of  thiek  leather  abov^^ilbeh»w  the  steel  piece!*, 
by  whi^h  means  a  more  equal  contact  of  surfaces  was 
attained*  •  The  scale  was  hungon  a  loop  of  iron,  touching 
the  lever  in  an  edge  only.  At  first,  a  rope  was  used  for 
the  balance  weight,  which  indicated  a  friction  of  four 
pounds^  but .  a  chain  diminished  the  friction  one  half, 
fivery  oio<veable  centre  was  well  oiled*  Of  the  resist* 
ances  opposed  io  the  simple  strains  which  may  disturb  the 
quiescent -state  of  a  body,  the  principal  are  the  repulsive 
force,  whereby  it  resists  eoroppession,  and  the  force  of 
cohesion,  whereby  it  resists  extension.  On  the  former, 
with  the  exception  of  the  experiments  of  Gauthey  and 
Rondelet  on  stones,  and  a  few  others  on  soft  substances, 
there  is  scarcely  any  thing  on  record,  in  the  memoir  of 
M<  Lagrange^  an  the  force  of  springs,  published  in  the. 
year  1760,  the  moment  of  elasticity  is  represented  by  a 
constant  quantity,  without  indicating  the  relation  of  this 
value  to  the  size  of  the  spring:  but  in  the  memoir  of  the 
year  1776y  on  the  foroM  of  columns,  where ;he  considers  a 
body  who^e  diineftsions;  and  thickness  are  variable,  he 
makes  the  moment  of  elasticity  proportional  to  the 
fourth  power  of  the  radius,  Jn  observing  the  rela- 
tions of  theory  and  practice  to  accord  with  each  other. 
This  was  admitted  by  Euler,  in  his  memoir  of  1780,  in  his 
elaborate  investigation  pf  the  forms  of  columns.  Mr.  Cou- 
lomb had  however  shown,  before  that  time,  how  inappli- 
cable all  these  calculations  were  to  columns  under  com- 
mon circumstances*  The  results  of  experiments  have  also 
been  equally  discordant;  since  it  is  deduced*from  those  of 
Reynolds,  that  the  power  required  to  crush  a  cubic  quar- 
ter of  an  inch  of  cast-iron  is  448,000  pounds  avoirdupois, 
or  200  tons ;  whereas,  by  the  average  of  thirteen  experi- 
ments made  by  Mr.  Rennie,  on  cubes  of  the  same  size,  the 
ampunt  never  exceeded  10303-53  lbs.  not  quite  five  tons. 
This  may  be  seen  by  referring  to  the  tables.  There  were 
four  kinds  of  iron  used,  viz,  1.  Iron  taken  from  the  centre 
of  a  large  block,  whose  crystals  were  similar  in  appear- 
ance and  magnitude  to  those  evinced  in  the  fracture  of 
what  is  usually  termed  gun-metal.    2.  Iron  taken  from  a 
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snail  casting,  close  grained^  and  of  a  dull  grey  colonr. 
3.  Iron  cast  horizontally,  in  bars  of  {ths  of  an  inch  aqnane, 
eight  inches  long.  4*  Iron  cast  vertically,  same  size  as  last* 
These  castings  were  reduced  equally  on  every  side  to  one 
quarter  of  an  inch  square;  thus  removing  the  hard  exter* 
nal  coat  usually  surrounding  metal  castings.  They  were 
all  subjected  to  a  guage ;  the  bars  were  then  presumed  Co 
be  tolerably  uniform.  The  weights  used  were  of  the  best 
kind  that  could  be  procured,  and,  as  the  experiment  ad- 
vanced, smaller  weights  were  used. 

As  we 'have  not  space  for  detailing  the  particulars  of 
each  experiment,  we  here  add  only  the  BiHsrage  results  of 
them. 

The  experiments  on  cast-iron  in  cubes  of  fthef  an  inch, 
—-specific  gravity  7.033,  gave  1439  lbs.  avoirdupois,  as  the 
average. 

On  specimens  of  the  same  iron,  ^  inch  square,  and  }  inch 
long,  the  average  force  required  was  2116  lbs. 

On  specimens  of  the  same  thickness,  but  varying  in 
length  from  f  inch  to  1  inch,  the  average  result  was 
1758  lbs.    . 

On  cubes  of  a  quarter  of  an  inch  of  the  same  metal,  gave 
9773  lbs.  as  the  average  result. 

On  i  inch  cubes,  made  from  horizontal  castings  of  spe^ 
cjfic  gravity  7.113,  gave  10,1 14  lbs.  as  the  average. 

On  }  inch  cubes,  vertical  castings,  specific  gravity  7.074, 
the  average  was  11,136  lbs. 

'  A  prism,  having  a  logarithmic  curve  for  its  limits,  re- 
sembling a  column,  it  was  i  of  an  inch  diameter  by  I  inch 
long,  broke  with  6954  lbs. 

The  trials  on  prisms  of  prisms  of  different  lengths  ix^ 
horizontal,  gave  9414  lbs. 

The  same,  vertical,  gave  9962  lbs. 

Horizontal  castings,  varying  from  i  to  f  inch  x  i,  gave 
an  average  of  8738  lbs. 

Vertical  ditto,  gave  8636  lbs. 
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Experiments  on  d^ereni  Meials. 

|x  i  cast  copper,  crumbled  with « 7318  lbs. 

ixi  fine  yellow  brass  reduced  |^  with  SSlSi  lbs.  with. • . .     10304 
iXi  wrought  copper ^  . • .  •  3487) 6440 

iXicasttin A  ••••    ^^ ^^ 

ixi  cast  lead ft 4S8 

The  experiments  on  the  different  metals  gave  no  satis- 
factory results.  The  difficalty  consists  in  assigning  a 
valve  to  the  different  degrees  of  diminution.  When 
compressed  beyond  a  certain  thickness,  the  resistance  be* 
comes  enormous* 

Experiments  an  the  Suspension  ofBars^ 

The  lever  was  used  as  in  the  former  case,  but  the  metals 
were  held  by  nippers.  They  were  made  of  wrought-iron^ 
and  their  ends  adapted  to  receive  the  bars,  which,  by 
being  tapered  at  both  extremities,  and  increasing  in  dia* 
meter  from  the  actual  section,  and  the  jaws  of  the  nippers 
being  confined  by  a  hoop,  confined  both.  The  bars,  which 
were  six  inches  long  and  i  square,  were  thus  fairly  and 
firmly  grasped. 

i  inch  cast-iron,  horizontal   llSSlbs, 

I  ditto  ditto,  yertical 1S18 

ft  ditto  cast^teel,  previously  tilted  ...«...« «  8801 

ft  ditto  blister  steel,  reduced  per  hammer 8888 

ft  ditto  shear  steel, ditto.. 7077 

ft  ditto  Swedish  iron ditto 4604 

ft  ditto  English  iron    ditto 8408 

ft  ditto  hard  gun  metal,  mean  of  two  trials    8878 

ft  ditto  wrought  copper,  reduced  per  hammer ....  8118 

ft  ditto  cast  copper 1108 

ft  ditto  fine  yellow  brass 1188 

ft  ditto  cast  tin 206 

ft  ditto  cast  lead ,. 114 

Remarks  on  the  last  Experiments. 

The  ratio  of  the  repulsion  of  the  horizontal  cast  cubes 
to  the  cohesion  of  horizontal  cast  bars,  is  8.65  :  1. 
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The  ratio  of  the  vertical  cast  cubes  to  the  cohesion  of 
the  vertical  cast  tors,  is  as  9*14  :  1. 

The  average  of  the  bars,  compared  with  the  cabes^  is  as 
10.611:1.       \ 

The  other-  metals  decrease  in  str^ngth^  from  cast  steel 
to  cast  lead. 

The  stretching  of  all  the  wrought  bars  indicated  heat. 

The  firacture  of  the  cast  bars  was  attencWd  with  very 
little  diminution  of  se^on^  sci^rcely  fieisible. 

The  experiment  made  by  M*  Propy.  (who  asserts,  that 
by  makisg  a  slight  incision,  with  the  file^  the  resistance  is* 
diminished  one  half,)  was  tried  on  a  J  inch  bar  of  English 
iron;  the  result  was 2920 lbs.  not  a  sixth-part  less. 

This  singly  j^xperimeot,  boM^^V^r^  (}q^.  90,t  sufficiently 
disprove  the  authority  of  that  able  philosopher,  for  an  in- 
cision is  but  a  v^gtte  term.'  The  incision  I  made  might  be 
about  the  fortieth  part  of  an  inch. 

9 

Experiments  <^  the  Twift  of  J  inch  B,^s. 

To  effect  the  operation  of  twisting  off^'a-bfer,  another 
apparatus  was  prepared.  It  consisted  of  a  wrought-iron 
lever,  two  feet  long,  having  an  arched  head  about  one* 
sixth  of  a  circle,  of  four. feet  diameter,  of  which  the  lever 
represented  the  radius ;  the  centre,  round  which  It  moved, 
had  a  square  hole  made  to  receive  the  end  of  the  bar  to 
be  twisted.'  The  lever  was  balanced  as  before,  and  a 
scale  hun^  on  the  arched  head  ;  the  other  end  of  the  bar 
being  fixed  in  a  square  hole  in  a  piece  pf  iron,  and  that 
again  in  a  vice. .  By  this  apparatus,  i  inch  bars  from  ho- 
rizontal castings  were  twisted  with  weights  in  the  scale 
averaging  9  lbs.  15 oz.  The  vertical  castings  took  191bii. 
10  oz.  as  an  average. 

On  different  Metals. 

Cantiteel ITlbs.  9 oz.  in  the  scale 

Shear  steel    17  1 

Blister  steel   16         II 

English  froD,  wron&^ht 10  H 
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8wed»h  iron,  wrought •  •  91  bs.     8oz.  in  the  scale 

Hard  gnn  metal •^.  6  0 

Fine  yellow  brass 4  11 

Copper^cast   ^ 4  6 

Tin 1  7 

Lead ]  0 

On  T\vist8  of  different  lengths. 

HORIZONTAL. 

ItW.  OS. 

i  by  i  long    7        3  weight  in  scale. 

i  by  i  ditto 8        1 

i  by  1  inch  ditto 8        8 

YBRTlCAIx. 

i  by  t  ditto 10        1 

Ibyiditto  ^. 8        9 

^  by  1  inch  ditto   8        6 

Horizontal  twists  of  i  inch  bars,  at  six  inches  from  the 
bearing,  took  an  average  of  91b.  12  oz.  in  the  scale. 

Twist  qf  i  inch  square  Bars^  cast  horizontally. 

qn.    lbs.    oz, 

i  close  to  the  bearing 8  9  12  end  of  the  bar  hard 

I  ditto    2  18  0  middle  of  the  "bar. 

I  at  10  inches  from  bearing,  lever  in 

themiddle 1  24,  0 

On  Twists  of  different  Materials. 

These  experiments  were  made  close  to  the  bearing,  and 
the  weights  were  accumulated  in  the  scale  until  the  sub- 
stances were  wrenched  asunden 

ItM-  OS. 

Cast  steel    19  9  weight  in  scalet 

Shear  steel 17  I 

Blister  steel    16  11 

English  iron.  No.  1 10  2 

Swedish  tron 9  8 

Hard  gnn  metal 6  0 

Fine  yellow  brass 4  11 

Copper 4  &                                                   i 

Tin   1  7 

Lead    1  0 

85.  5  i> 
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Remarks, 

Here  the  strenp^h  of  the  vertical  bars  ^tilt  predo*' 
minates. 

The  average  of  the  two  taken  coDJointly,  and  compared 
with  a  similar  case  of  f  inch  bars,  gives  the  ratio  as  the 
cubes,  as  was  anticipated. 

In  the  horizontal  casting?  of  •difierent  lengths,  the  ba- 
lance is  in  favour  of  the  increased  lengths;  but  in  the 
vertical  castings,  it  is  the  reverse.  In  neither  is  there 
any  apparent  ratio.  In  the  horizontal  castings^  at  six 
inches  from  the  bearing,  there  is  a  visible  increase,  but 
not  so  great  as  when  close  to  the  bearing. 

Miscellaneous  Expertments  en  the  Crush  of  one  eukic  tncJk. 

r 

El  m 1 284  Ml.  arotV 

American  Pine •.^..  1006 

Whited«a]    ....« 1928 

English  oaky  mean  of  two  trials    3860 

Ditto,  of  dwe  inches  long,  slipp^c}  with    2672 

English  oak,  of  four  inches  long,  sTipped  with  5147* 

A  prism  of  Portland  stone,  two  inches  long    • .  806 

Ditto,  statuary  mar^e  •  •  • 3216 

CraigLeith 8688 

In  the  following  experiments  on  stones,  the  pressure 
was  communicated  through  a  kind  of  pyramid,  the  base  of 
which  rested  on  the  hide  leather,  and  that  on  the  stone.t 
The  lever  presBed  upon  theapex  of  the  pyramid.  The 
cubes  were  of  one  and' a  half  iB.ch*  ^ 

*  The  experiments  on  woods  are  considerably  befo  w  those  of  other 
writers,  and  it  appears  fingqliir  that  the  fonr-inch  specimen  should 
be  stronger  than  the  shorter  length.  According  to  RoRdelet*s  expe- 
riments,  to  crush  a^ubicinch  of  oak  it  required*  from  6000  to  6000 
pounds  avoirdupois;  of  fir,  from  6Q00  to  7090. pounds.  In  the  former, 
the  pieces  were  compressed  one-third,  of  their  length;  in  the  latter, 
one.half  of  their  lengthy*  (Rondelet's  VArt  de  B&tir^  torn.  iv.  p.  67.) 
Mr.  Rennie  has  not  stated  the  diminution  of  leugth. 

t  It  certainly  wou^c^  ha^e  been  preferable  to  have  placed  a  hard 
and  rigid  subftarce  next  the  stone,  in  order  to  secure  equality  of 
pressure. 


COJ^SSKXH   OH  E^HTIfg,  STONES,  &C. 
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•  I 


I 
I 


Chalk , 

Bru'k,  of  a  pale  red  coroAr    .' 

Iloe-stoiie,  Gloucestershire m 

Red  bricky  nean  of  two  triids #• * 

Yeliow-faccd  baVed  Hamiwertivutli  parioars,  fhree 

Burnt  ditto,  mean  of  two  trials    

Stourbridge,  or  ffre-brick ., «.. 

Derby  grit,  a  red  friable  sand- stone   

IJitto,  fi^qi^  aiy4her  ^V'anry  . . , , , .  ^ . 

Killaly  white  freestone,  not  strati  Qed 

Portland   

Craig  Leith,  white  freestone    

YorJishire  psring,  wiUi  the  strata  

fMlto,  against  the  strata    

White  statuary  marble,  not  veined    

Bramley  Fall  sandstone,  uear  Leeds,  with  the  strata 

Ihtto,  against  the  strata    

Corpish  granite  •• « 

Dundee  sandstone  or  brescia*.  two  kinds  . . « 

A  two-inch  cube  of  Forthmd ••••• 

Craig  Leith,  with  the  strata 

Devonshire  red  marble,  variegated • 

Ccuwpact  limestone ••«•••• 

Peterhead  granite,  hard  close-grained  • 

Hack  compact  limestone.  Limerick  .•••••• • 

Purbeck    ,.•.....« » • • 

Black  Brabapt  marble 

Very  hard  free9tone 

White  Italian  veined  marble  • .*.• 

Aberdeen  granite,  blue  kind    •.•..•••.••••• 

N.B.  The  specific  gravities  were  taken  with  a  delicate 
balance,  made  by  Creighton  of  Glasgow,  all  wUb  the  ex- 
ception of  two  specimens,  which  were  by  acci^^nl  omitted. 

Remarks. 

In  observing  the  results  presented  by  the  preceding 
table,  it  will  be  seen  that  little  dependence  can  be  placed 
on  the  specific  gravities  of  stones,  so  far  as  regards  their 
repulsive  powers,  although  the  increase  is  certainly  in 
favour  of  their  specific  gravities.  But  there  would  appear 
to  be  some  undefined  law  in  the  connexion  of  bodies,  with 


S|>ec.  irmv. 

Ibt.  av 

-■ 

1127 

2.0^5 

1265 

■ 

1449 

t.l6» 

1817 

225.^ 

8243 

8864 

2  316 

7076 

%4»» 

97^6 

2,423 

10264 

2.428 

10284 

2.452 

12346 

2.085 

12856 

2.507 

12856 

&760 

13632 

2.506 

M632 

2.506 

18632 

2.660 

14302 

2.5aa 

14918 

2.423 

14918 

2.452 

15560 

16712 

2.584 

17354 

18636 

2^08 

19924 

%M» 

20610 

2.607 

20748 

2.528 

21264 

2.726 

21783 

2.686 

24556 
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which  the  specific  g^ravity  has  little  to  do.  Thus^  statuary 
marble  has  a  specific  gravity  above  Aberdeen  granite,  yet 
a  repulsive  power  not  much  above  half  the  latter.  Again, 
hardness  is  not  altogether  a  characteristic  of  strength,  in- 
asmuch as  the  limestones,  which  yield  readily  to  the 
scratch,  have  ne^riheless  a  repukive  power  approaching 
to  granite  itself. 

Experhnenis  made  en  the  transverse  Strain  cf  c€M  BarSy 

the  Ends  loose. 

Weight  of     Diataiiee  ot 
the  iMln.        bearUigiw 

Ac  m:       Jt>  imi     tte.««. 

Bar  of  1  inch  square ,..  V2    6  ••  3  0..  897 

Ditto  of  I  ineh  ditto 9    8  ..  9  8  ..  1086 

Half  the  above  bar    •« 1  4  ..  8390 

Bar  of  1  inch  sqaare  through  the  diagonal  •  •  8    8  . .  8*  8  . .  857 

Half  the  above  bar  ..  Y  4  ..  1587 

Bar  of  8  inches  deep,  by  i  inch  thick    0    6..8  8..  8185 

Half  the  above  bar . .  I  4  ••  4508 

Bars  3  inches  deep,  by  }  inch  thick 9  15  . .  2  8  • .  3588 

Halfthebar ..1  4  ..  6854 

Bar  4  inches,  by  i  inch  thick « 9    7. .2  8.*  3979 

Equilateral  triangles,  with  the  angles  up  and 

down^  viar.  with  the  edge  or  angle  up  -. . .  9  1 1   . .  8  8  . !  1437 

With  the  angle  down  9    7  ..  8  8  ..  840 

Half  the  first  bar ..  i  4  ..  3059 

Half  the  second  bar ..1  4  ..  1656 

A  feather-edged  bar  was  cast,  whose  dimen- 
sions were  8  inches  deep  by  8  wide,  edge 

up 10    0  ..  8  8  ..  3105 

N.B.  All  these  bars  contained  the  same  area,  thoug^b 
differently  distributed  as  to  their  forms. 

Experiments  made  on  the  Bar  of  4  inches  deep  by  i  inch 
thick,  by  giving  it  different  forms,  the  bearings  at  2  feet 
^8  tncAe^  as  before. 

n». 

Bar  formed  into  a  semi-ellipse,  weighed  7  lbs • 4000 

Ditto,  parabolic  on  its  lower  edge 3860 

Ditte  of  4  inches  deep  by  ^  inch  thick •••••••.•    3979 
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Experiments  en  the  transverse  strain  of  Bars^  one  end  made 
fast  J  the  weight  being  suspended  at  the  other^  at  2  feet 
8  inches  from  the  bearing. 

Ad  incb'Sqnare  bar  bore    ^..i.....*, «.*«.••    280 Fbs. 

A  bar  2  inches  deep  by  |  an  inch  thick 599 

An  inch  bar^  the  ends  made  fast 1 173 

The  psradoxical  experiment  of  Emerson  was  tried, 
which  states,  that  by  cutting  off  a  portion  of  an  equila- 
teral triangle  (see  page  114,  of  Emerson's  Mechanics,)  the 
bar  is  stronger  than  before ;  that  is,  a  part  stronger  than 
the  whole.  The  ends  were  loose,  at  two  feet  eight  inches 
apart,  as  before.  The  edge  from  which  the  part  was  in- 
tercepted was  lowermost,  the  weight  was  applied  on  the 
base  above;  it  broke- with  1129  pounds,  whereas,  in  the 
other  case,  it  bore  only  840  pounds. 

Remarks  oh  the  transverse  Strain. 

Mr.  Banks  makes  his  bar  from  the  cupola,  when  placed 
on  bearings  three  feet  asunder,  and  the  ends  loose,  to  bear 
864  pounds. 

All  Mr.  Rennie's  bars  were  cast  from  the  cupola,  the 
difference  was  therefore  33  pounds.  He  adopted  a  spa«e 
of  two  feet  eight  inches  asunder,  as  being  more  convenient 
for  his  apparatus..  The  strength  of  the  different  bars,  all 
cases  being  the  same,  approaches  nearly  to  the  theory 
which  makes  the  comparative  values  as  the  breadths  mul" 
tiplied  into  the  squares  o/*  the  depthS'  The  halves  of  the 
bars  were  tried,  merely  to  keep  up  the  analogy ;  the  bar 
of  four  inches  deep,  however,  falls  short  of  theory  by  365 
pounds.  It  is  evident  we  cannot  extend  the  system  of 
deepening  the  bar  much  further,  nor  does  the  theory  ex- 
actly maintain  in  the  case  of  the  equilateral  triangle,  by 
243  pounds. 

The  diagoni^l  position  of  the  square  bar,  is  actually 
worse  than  when  laid  on  its  side,  contrary  to  many  asser- 
tions. 


The  same  quantity  of  metal  in  the  feather-edged  bar, 
wa3  not  so  strong  as  in  tbe  fout'^ch  bax". 

The  geroi-ellij^tical  bar  exceeded  the  four«incb  bar,  al- 
though taken  out  of  it.     The  pMaboJic  bar  came  near  it. 

Observations  by  various  Authors  on  the  Stiwngth  nf  Mate- 

rials. 

A  wire  of  rVth  of  an  inch  of  lead,  breaks  with  29|  lbs., 
of  tin,  with  49^  lb8%;  of  copper,  with  29fti;  of  brass,  with 
360;  of  silver,  with  370;  of  iron,  with  4dOt^£;b»6rs0n. 

A  cylinder,  an  inch  in  diameter,  will  bear^.  when  loaded 
to  I  of  its  whole  strength,  if  of  fir^  8«8  owt^;.  if  of  rope, 
22  cwt.  f  if  of  iron,  1S5  cwt. — Emerson. 

The  cohesive  strength  of  a  cylinder  of  iron,  an  inch  in^ 
diameter,  is  63,466  or  63il78  pounds,  the  mean  63,320 
pounds,  which  is  S8  tons,  6  cwt.  1  qr.  12  IhA^r^Rum^ord. 

The  comparative  cohesive  strength  of  gold,  is  as  I50,9&5 ; 
of  silver,  190,771 ;  of  platina,  262,361 ;  of  copper,  304,696; 
of  sofl  iron,  362,927;  of  hard  iron,  659,880. — Sicksngen. 

The  hardness  of  metals  follows  this  order, — iron,  pla- 
tiaa^  copper,  silver^  goM>  ^iiV  leaA^^^CavaUo^ 

.la  general,  iron  is  about  four  tinier  as  strong. as  oak, 
and  six  times  as  strong  as  deal. — Banks. 

Wood  i»  from  7  to  20  timesr  weaker  transversely  than 
longitudinally.    It  becoibca  stronger  kotk  ways  wken  dry. 

A  piece  of  sound  oak,  an  inch  square,  bears 8000  pounds 
directly,  and  is  broken  traasvetsely  by  200^  at  the  distance 
of  IS  inches  from  the  fulcrum.-*/b)fruofi. 

The  immediate  transverse  strength  of  lateral  adhesion 
of  most  substances  exceeds  their  direct  cohesive  strength, 
but  tbe  differenee  is  less  in  fibrous  substanees  than  in 
others.— i2o6fMm. 

The  strongest  form  of  a  substance  included  by  hori- 
zontal surikces,  for  supporting  a  weight  at  its  extremity, 
is  that  of  a  trivngle.  The  same  form  is  also  the  stiffest.-^ 
Emerson. 

For  supporting  a  weight  distributed  uniformly  through- 
out its  length,  the  form  must  be  that  of  a  parabola. — 
Enierson. 
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A  triangular  prism  fixed  at  one  end,  with  its  edge  up- 
permost, is  weaker  than  if  its  depth  were  reduceji  to  eight- 
ninths,  by  cutting  away  the  edge. — Enierson. 

If  a  piece  be  sliced  in  a  divided  beam,  equal  in  depth 
to  half  the  depth  of  the  beam,  the  strength  is  greater  than 
that  of  the  entire  beam,  in  the  ratio  of  1  to  1.054,  very 
nearly. — liobis0n. 

A  mortise«hole  should  be  taki^n  out  of  the  middle  of 
a  beam,  not  frdfn  one  side ;  l^ut  if  it  be  on  the  concave 
side,  and  fitted  up  with  hard  wopd,  i,t  does  not  diminish 
the  strength. — Emerion. 

If  a  cylinder  is  to  be  supported  at  two  points  with  the 
least  strain,  the  distance  betweeD  the  points  should  be 
.6858  of  the  length.— -£wer*on. 

A  soft  iron  bar^  a  spring  tempered,  and  a  hfird  one;,  were 
bent  to  equal  angles  by  five  pounds;  with  six,  the  har<f 
bar  broke;  with  seven,  the  soft  ofle  beQt,^at  returned  as 
far  from  its  new  position,  upon  the  removal  of  the  weight, 
as  if  it  had  not  been 'bent.  .  T^e  elastic  bar  was  broken  by 
18  pounds.— Cbii/umfr. 


Weight  of  one  Foot  in  length  of  flat  Bar-iron.} 
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Weight  of  one 

Foot  in  length  of  Wrotight^iron. 

SQUARE  IRON. 

ROUND  IRON. 
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Weight  of  Cast'iron  Plates  per  foot  superficial^  of  the  fol- 
lowing thicknesses. 
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Weight  of  Sheet  Lead  per  foot  superficial^  of  the  following 

thicknesses. 
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ELASTIC  FORCE  OF  STEAM  AT  HIGH  TEMPERATURES. 

We  have  given^  at  page  S57,  a  table  of  the  elastic  force 
of  steam  up  to  six  atmospheres;  when  this  was  published, 
no  series  of  experiments  at  higher  elasticities  were  pub- 
licly made  known,  and  probably  had  never  been  made, 
with  the  requisite  attention  to  accuracy,  or  to  any  great 
extent,  upon  a  uniform  system ;  but  we  are  happy  to  add 
that,  since  that  period,  a  committee,  appointed  by  the  Aca- 
demy of  Sciences  at  Paris,  has  been  engaged  in  experi- 
ments to  determine  the  elastic  force  of  vapour  at  high 
pressures:  the  labours  of  which  have  principally  devolved 
upon  MM.  Dulong  and  Arago.  The  results  have  been 
obtained  experimentally  up  to  25  atmospheres,  and  ex- 
tended to  50  by  calculations.  That  no  error  dependant 
upon  the  use  of  valves  should  interfere,  it  was  resolved 
to  estimate  the  force  exerted,  by  the  columns  of  mercury 
sustained.  A  glass  tube  was  therefore  prepared  by  MM. 
Thibaudeau  and  Bontemps,  ciuisisting  of  13  pieces,  2  me- 
tres (78.74  inches)  each  in  length,  5  millimetres  (0.2  of  an 
inch)  in  diameter,  and  the  same  in  thickness.  £ach  piece 
was  sustained  by  counterpoises,  so  that  the  lower  should 
not  be  crushed  by  the  upper,  and  the  whole  was  erected 
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in    a  square  tower,  which   is   the  only  remains  of  the 
ancient  church  of  St.  Genevieve. 

Fearing  that  if  the  steam  from  a  boiler  were  made  to 
act  directly  upon  such  a  column  of  mercury  as  this  tube 
would  sustain,  it  might,  from  intermission  of  its  force, 
occasionally  produce  such  sudden  agitation  in  the  metal 
as  to  endanger  the  safety  of  the  whole,  it  was  resolved  to 
form  a  kind  of  manometer,  in  which  the  compression  of  a 
given  volume  of  air  should  be  ascertained,  first,  by  the 
column  of  mercury,  and  afterwards  used  as  a  measurer  of 
the  elasticity  of  vapour  at  various  temperatures.  In  this 
way  the  estimations  would  be  as  accurate  as  if  made 
directly  by  the  column  of  mercury.  The  preparation  of 
this  instrument  gave  an  opportunity  of  examining  the  law 
of  Mariotti,  namely,  that  all  gases  are  compressed  in  vo-. 
lume  in  proportion  to  the  energy  of  the  compressing  force. 
Boyle  and  Muschenbroek  thought  they  saw  errors  in  this 
law,  even  when  the  force  was  not  above  four  atmospheres. 
Robinson  and  Sulzer  carried  the  force  to  eight  atmos- 
pheres, and  agreed  in  giving  the  same  departure  from  the 
law ;  namely,  that  when  compressed  eight  times,  instead  of 
exerting  a  force  eight  times  that  of  the  common  air,  it 
was  only  six  times  greater.  Oersted,  on  the  contrary) 
found  the  law  true  to  eight  atmospheres ;  but  his  mode  of 
experimenting  is  not  satisfactory  to  the  French  commis- 
sioners, though  the  results  were  correct. 

In  the  preparation  of  the  manometer,  the  experiments 
were  carried  to  27  atmospheres,  and  the  law  found  to  be 
correct.  It  was  intended  to  ascertain  if  it  held  good  with 
other  gases  than  air,  but  the  authorities  forbade  the  use 
of  the  old  church  tower  for  this  purpose. 

There  appears  to  have  been  much  fear  about  steam  at 
the  pressure  of  24  or  25  atmospheres ;  and,  lest  the  boiler 
should  explode,  and  blow  up  the  old  vaults,'  and  even  de- 
stroy neighbouring  buildings,  it  was  determined  to  have 
it  in  the  court-yard  of  the  observatory,  and  make  the  ex- 
periments there;  Ultimately,  therefore,  the  manometer 
was  transferred,  though  with  great  difficulty,  and  finally 
placed  in  proper  communication  with  the  boiler. 
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Some  important  precautions  were  now  taken  to  aseer« 
tain  the  temperature  accurately.  The  first  was  to  take 
account  of  the  cooling  effect  of  the  air  on  that  part  of  the 
thermometer  exterior  to  the  boiler ;  this  was  done  by  re- 
taining it  constantly  at  the  same  temperature.  The  next 
was  to  prevent  alteration  in  the  capacity  of  the  bulb,  by 
allowing  the  vapour  to  press  upon  it.  This  was  effected 
by  putting  the  thermometers  into  gun-barrels,  made  thin, 
closed  at  one  extremity,  and  filled  with  mercury;  these, 
when  fitted  to  the  boiler,  were  made  to  descend,  one  to 
the  bottom  of  the  boiler  nearly,  to  give  the  temperature 
of  the  water ;  the  other  to  within  a  few  inches  of  the 
water,  to  give  the  temperature  of  the  vapour. 

The  temperature  and  pressure  were  then  experimen- 
tally ascertained  up  to  24  atmospheres ;  after  which,  for- 
mula was  sought  for,  by  which  they  could  be  extended  to 
higher  pressures,  and  the  following  one  adopted ; 

e»  (1+0.7153  0' 
€  being  the  elasticity ;  t  the  excess  of  temperature  above 

100^  C,  taking  for  unity  100^  of  the  centigrade  thermo- 
meter. This  formula  nearly  represents  the  results  given 
by  experiment  up  to  24  atmospheres;  the  greatest  error 
has  been  at  eight  atmospheres,  and  was  then  0.9  of  a  de- 
gree. It  was  more  accurate  for  the  higher  pressures^ 
being  calculated  from  them,  and  the  commissioners  have 
no  doubt  that,  at  50  atmospheres,  the  error  is  not  more 
than  O.I  of  a  degree. 

Blastlcity  of  the  vapour,  ta -  Temperatnro. 

kinff  the  preuuns  of  the  ■» 

atmosphere  as  ontty.  CeiUigrude*  Fahrenheit, 

1  100.  212. 

li  112.2  288.96 

2  121.4  260.62 

2i  128.8  263.84 

3  185.1  276.18 

3i 140.6  286.08 

4  145.4  293.72 

4i  149.6  301.28 

6  153.8  308.84 

6i  .' 166.8  314.24 

6  160.2  320.36 

6i  163.48  326.26 
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7  166.5  S3I.70 

7J  169.37  336.86 

8  172.8  341.96 

9  177.1  830.78 

10  181.6  368.88 

11  186^  367.3i 

12  190.0  374.00 

18  193.7  380.66 

14         197.19       886.94 

15         200.48       392.86 

16         203.60       398.48 

17         206.67       403:82 

18         209.4         406.92 

19         212.2         413.96 

20         214.7         418.45 

21         217.2         4S2.96 

22         219.6         427.28 

23         221.9         481.43      • 

24         224.2         485.56 

25         226.3         439.34 

30         236.2         467.16 

36         244.85       472.73 

40         262.55       4S6.59 

46         259.52       491.14 

60         265.89       510.60 

The  members  of  the  committee  remark,  that  they  could 
find  only  one  English  table  of  the  force  of  high-pressure 
vapour;  it  had  been  given  to  M.  Clement  by  Mr.  JPerkins, 
but  it  was  found  sadly  erroneous ;  for  instance,  at  the 
temperature  of  215**  C,  or  419**  F,  the  force  in  it  is  given 
as  35  atmospheres,  whereas  it  is  really  only  20,  or  little 
more  than  one  half.  In  Germany,  a  table  has  been  con- 
structed by  M.  Arzberger,  of  Vienna,  which  rises  to  20 
atmospheres,  and  is  much  nearer  the  truth  than  Mr.  Per- 
kins*. It  is  about  three  atmospheres  wrong  at  the  highest 
pressure. — Bib.  Univ.  xlii.  p.  338. — Butt.  Univ.  A.  xii.  407- 


MECHANICAL  POWERS. 

Power  is  compounded  of  the  weight  or  expansive  force 
of  a  moving  body  multiplied  into  its  velocity. 

The  power  of  a  body  which  weighs  40  lbs.  and  moves 
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with  the  velocity  of  50  feet  in  a  second,  is  the 
of  another  body  which  weighs  80  lbs.  and  im 
velocity  of  25  feet  in  a  second ;  for  the  pro 
respective  weights  and  velocities  are  the  sam 

40x50=2000;  and  80xS6»£000 

Power  is  obtained  from  animal  exertion ; 
pulsive  and  gravitating  properties  of  fluids,  i 
expansive  and  contractile  properties  of  ste 
gases. 

The  following  table  (extracted  from  Tred^ 
lent  work  on  Rail-roads,)  affords  informati 
practical  utility  in  estimating  the  average 
horses. 

Table  shewing  the  maximum  qxiantity  of  Labour 
of  average  strength  is  capable  of  performing 
velocities^  in  Canals^  Railways^  and  T\impil 


Velocity  in 

Duration  of 
tbe  day*! 

liork  at  the 

preceding 

Telocity. 

Force  of 
traction  in 

IlM. 

Uteftd  effect  of  one  hor 
dny,  in  torn  draw! 

niloa  per 
hoar. 

On  a  canal. 

On  a  lev 
railway 
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8di 

30 

48 

7 

1» 

83i 
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12.8 
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83i 

90 
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83i 

6.6 
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In  stating  the  power  of  steam  engines,  it  is 
the  number  of  horses'  power  it  exerts,  each  1 
being  estimated  as  equivalent  to  raising  S3,i 
foot  high  per  minute:  at  pages  455  and  464,  ri 
amples  are  given  for  making  such  calculations 

As  the  strength  of  men,  as  well  as  horses, 
derably,  it  is  necessary  to  take  the  average 
making  calculations*     With  respect  to  the 
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men,  we  do  not  know  of  a  better  authority  than  Dr.  De- 
saguliers,  who  paid  a  great  deal  of  attention  to  the  subject, 
and  made  numerous  experiments  thereon.  The  doctor 
states,  that 

A  man  of  ordinary  strength  can  turn  a  winch  with  a 
force  of  SO  pounds,  and  with  a  velocity  of  3^  feet  in  a 
second,  for  10  hours  a  day ; — and  that 

Two  men  working  at  a  windlass,  with  handles  at  eight 
angles,  can  raise  70  lbs.  more  easily  than  one  man  can 
raise  30  lbs. 

A  horse  can  in  general  carry  no  more  up  a  steep  hill 
than  three  men  can  carry,  that  is  from  450  lbs.  to  750  lbs. ; 
but  a  strong  horse  can  draw  SOOOlbs.  up  a  steep  hill 
which  is  but  short.  The  worst  way  of  applying  the  force 
of  a  horse  is  to  make  him  carry  or  draw  up  hill ;  for  if  the 
hill  be  steep,  three  men  will  do  more  than  a  horse,  each 
man  climbing  up  faster  with  a  burthen  of  100  lbs.  weight, 
than  a  horse  that  is  loaded  with  900  lbs. ;  a  difference 
which  is  owing  to  the  parts  of  the  human  body  being  bet- 
ter adapted  to  climb  than  those  of  a  horse. 

On  the  other  hand,  the  best  way  of  applying  the  force 
of  a  horse  is  in  a  horizontal  direction,  wherein  a  man  can 
exert  least  force ;  thus,  a  man  weighing  140  lbs.  and  draw- 
ing a  boat  along,  by  means  of  a  rope  coming  over  his 
shoulders,  cannot  draw  above  S7  lbs.,  or  exert  above  one 
seventh  part  of  the  force  of  a  horse  employed  for  the  same 
purpose. 

The  very  best  and  most  effectual  posture  in  a  man,  is 
that  of  rowing;  wherein  he  not  only  acts  with  more  mus- 
cles at  once  for  overcoming  the  resistance,  than  in  any 
other  position,  but,  as  he  pulls  backwards,  the  weight  of 
his  body  assists  by  way  of  lever. 

^  The  diameter  of  a  walk  for  a  horse-mill,  ought  to  be  at 
least  25  or  SO  feet. 

Power  cannot  be  increased  by  any  Mechanical  means. 

It  is  applied  to  mechanical  purposes  by  the  lever,  wheel 
and  axle,  pulley,  inclined  plane,  wedge,  and  the  screw, 
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which  are  the  simple  elements  of  all  machines.  The  whole 
theory  of  these  simple  elements  consists  in  causing  the 
weight  which  is  to  be  raised,  to  pass  through  a  greater  or 
less  space  than  the  power  which  raises  it;  for  as  power  is 
compounded  of  the  weight  or  mass  of  a  moving  body  mul- 
tiplied into  its  velocity,  a  weight  passing  through  a  cer** 
tain  space  may  be  made  to  raise,  through  a  less  space,  a 
weight  heavier  than  itself. 

We  shall  here  add,  for  the  convenient  reference  of  me- 
chanic!^ a  few  rules  and  examples  for  the  application  of 
the  before-mentioned  elements  of  all  machinery,  as  the 
same  rules  will  hold  good,  whether  the  power  be  derived 
from  manual  labour^  from  steam,  or  any  other  acting 
force;  first,  as  respects  the 

LEVER. 

Cabb  1.  When  the  fulcrum  of  the  leyer  b  between  the  power  and  the  weight, 
observe  this 

Rule.  Divide  the  weight  to  be  raised  by  the  power  to 
be  applied;  the  quotient  will  g^ve  the  difference  of  lever- 
age necessary  to  support  the  weight  in  equilitn'io.  Hence 
a  small  addition,  either  of  leverage  or  weight,  will  cause 
the  power  to  preponderate. 

Example  1.  A  ball  weighing  three  Cent  is  to  be  raitod  by  fonr  men,  who  can 

exert  a  force  of  12cwt. ;  required  the  proportionate  length  of  lever? 

60 
3  tonsasOO  cwt.  I  and  -rzrSsB, 

18 

In  this  example,  the  proportionate  lengths  of  the  lever  to  maintain  the 
weight  in  equiiibrio,  are  as  6  to  1.  If,  therefore,  an  additional  pound  be 
added  to  the  power,  the  power  side  of  the  lever  will  preponderate,  and  the 
weight  will  be  raised.  But  ai though  the  ball  Is  raided  by  a  force  of  only  one- 
fifth  of  its  weight,  no  power  is  gained,  for  the  weight  passes  through  one-fifth 
of  the  space.  The  products,  therefore,  arising  firom  the  multiplication  of  the 
respective  weights  and  velocities  are  the  same* 

EsmnpU  2.  A  weight  of  one  ton  Is  to  be  raised  with  a  lever  eight  feet  la 
length,  by  a  man  who  can  exert,  for  a  short  time,  a  force  of  rather  morq  than 
4  cwt. ;  required  at  what  part  of  the  lever  the  fulcrum  must  be  placed  ? 

'    >5 ;  that  is,  the  weight  Is  to  the  power  as  5  to  1 1  therefore, 


4  cwt. ' ' •• '  '  '6+1 

1  foot  and  a  third  from  the  weight. 

ExampU  S.  A  weight  of  80  lbs.  is  placed  at  1  foot  from  the  fulcrum  of  « 
leyer;  required  tlie  power  to  raise  the  same,  when  the  length  of  the  lever  on 
iki  mhef  side  of  the  Ailcrum  is  5  feet  ? 

—•J — =  1 6  lbs.— answer  • 

96.  6p 
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Casb  2.  When  the  fulcrum  fai  at  one  extremity  of  the  lever  an4  the 

at  the  other. 

Rule.  As  the  distance  between  the  power  and  the 
weight  is  to  the  distance  between  the  weight  and  the  ful- 
crum, so  is  the  effect  to  the  power. 

Example.  Required  the  power  neceisarjr  to  raise  ISOIbi.  wben  the  weigllt 
it  placed  6  feet  from  the  power,  and  2  feet  firom  the  fulcrum  ?     ' 

Aft  6  t  2  t :  120  :  40 — answer. 

Cask  S.  When  the  weij;ht  to  be  raised  is  at  one  end  of  the  lever,  the  fulcmm 
at  the  other,  and  the  weight  is  applied  between  them. 

JRule.  As  the  distance  between  the  power  and  the  ful- 
crum is  to  the  length  of  the  lever,  so  is  the  weight  to  the 
power. 

SxmmpU;  The  length  of  a  lever  being  8  feet,  and  the  weight  at  its  extremity 
60  lbs.  I  required  tiM  power  to  lie  applied  6  feet  from  the  folcrnm  to  raise  it } 

As  6  I  8  ::  60  I  80 — answer. 

Any  other  ezavpla  may  be  computed  by  reversing  any  of  the  foregoinf 
operations. 

WHEEL  AND  AXLE. 

liMde.  As  the  radius  of  the  wheel  is  to  the  radius  of  the 
axle,  so  is  the  effect  to  the  power. 

£c«mpls.  A  weight  of  00  lbs.  is  exerted  on  the  periphery  of  a  wheel  wimsa 
radios  Is  10  feet|  required  the  weight  raised  at  the  extremity  of  a  cord  wound 
round  the  axle,  the  radius  being  20  inches. 

50  lbs.  X  10  feet  X  12  inches    _^,. 

= ^^^    ■ =900 lbs     'sntiwer. 

20  inches 

PULLEr. 

Rule.  Divide  the  weight  to  be  raised  by  twice  the  num- 
ber of  pulleys,  the  quotient  will  give  the  power  necessary 
to  raise  the  weight. 

EjemmpU,  What  power  Is  required  to  raise  600  lbs.  when  two  blocks,  each 
containing  three  pulleys,  are  applied  ? 

5 — ^=50  lbs. — answer. 
6X2 

INCLINED  PLANE. 

Rule.  As  the  length  of  the  plane  is  to  the  height,  so  is 
the  weight  to  the  power. 

JEcMijrfs.  Required  the  power  necessary  to  raise  640  Ibi.  up  an  iBCllasi 
plane,  five  feet  long  and  two  feet  high  ? 

As  5  I  2  1 1  540  t  216  lbs«— answer. 
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WEDGE. 

Cask  I.  When  two  bodies  are  forced  from  one  uotber  by  means  of  a  wedge, 
in  a  direction  parallel  to  Iti  back. 

Huk.  As  the  length  of  the  wedge  is  to  half  its  back  or 
head,  so  is  the  resistance  to  the  power. 

ft 

BxoMpU,  The  breadth  of  the  back  or  head  of  the  wedge  being  8  inches,  and 
tlw  length  of  either  of  iti  inclined  sides  10  inches,  required  the  power  neces. 
iary  to  separate  two  substances  with  a  force  of  150  lbs. 

As  10  :  1^  ::  150  s  22ilbs. — answer* 
Casb  S.  When  only  one  of  the  bodies  is  moveable. 

JRule.  As  the  length  of  the  wedge  is  to  its  back  or  head, 
so  is  the  resistance  to  the  power* 

BsmHpU,  The  breadth,  length,  and  force,  the  same  as  In  the  last  example. 

As  10  :  3  : :  150  :  45  lbs.— answer. 

SCREW. 

The  screw  Is  a  cord*  wound  in  a  spiral  direction  round  the  periphery  of  a 
cylinder,  and  is  tlierefore  an  inclined  plane^  the  length  being  the  circum- 
ference of  the  cylinder,  and  the  height  the  distance  between  two  consecutive 
cords  or  threads  of  tlie  screw.  Hence  the  nearer  the  spirals  are  to  one  anollier, 
so  much  the  greater  is  the  force  of  the  screw. 

Rule.  As  the  circumference  of  the  screw  is  to  the  dis«' 
tance  between  the  threads,  so  is  the  weight  to  the  power. 

ExMmpU,  The  circumference  of  a  screw  being  8  inches,  and  its  pitch,  or  dis- 
tance l>etween  the  threads,  one  inch,  required  the  power  to  raise  640  lbs.  ? 

As  8  t  1  : :  S48  i  8  lbs. — answer. 

When  a  winch  or  le?er  is  applied  to  turn  the  screw,  the  power  of  the  screw 
is  as  a  circle  described  by  the  handle  of  the  winch,  or  lever,  to  the  Interval  or 
dbtance  between  the  spirals. 


FRICTION. 


In  the  preceding  inquiries,  it  has  been  assumed  that  the 
mechanical  powers  are  without  weight  and  friction;  this 
is,  however,  well  known  not  to  be  the  case,  and  that  a 
considerable  allowance  must  be  made  for  them,  in  all  cal- 
culations. To  enter  into  an  investigation  on  the  nature 
and  extent  of  friction,  under  the  numerous  and  varied  cir- 
cumstances in  which  it  occurs,  is  unsuited  to  the  main  ob- 
ject of  this  work;  we  shall  therefore  simply  observe,  in  this 
place,  that  the  amount  of  friction  in  most  machines  may 
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be  a?eraged  at  one-eighth  of  the  power  applied ;  and  it  is 
barely  necessary  to  add,  that  the  more  simple  a  machine  is 
constructed,  the  less  will  be  the  friction;  and  that  macld- 
nery  may  be  made  so  complex,  as  to  be  rendered  useless 
by  the  quantity  of  friction  thereby  generated. 


*    CENTRAL  FORCES. 

All  bodies  moving  round  a  central  point  have  a  ten^- 
dency  to  fly  off  in  a  straight  line ;  this  tendency  is  called 
the  centrifiigal  force.  It  is  opposed  to  the  cenMpeidl  forcej 
or  that  power  which  maintains  the  body  in  its  cnnri* 
linear  path. 

The  centrifugal  force  of  a  body,  moving  with  different 
velocities  in  the  same  circle,  is  proportional  to  the  square 
of  the  velocity,  or  to  the  square  of  the  number  of  revolu- 
tions performed  in  a  given  time.  Thus  the  centrifugal 
force  of  a  body  making  40  revolutions  per  minute,  is  four 
times  as  great  as  the  centrifugal  force  of  the  same  body, 
when  making  20  revolutions  per  minute. 

To  Snd  tiie  centrifagml  force  of  any  body. 

Ride  1.  Divide  the  velocity  in  feet,  per  second,  by  4.01, 
and  the  square  of  the  quotient  by  the  diameter  of  the 
circle;  the  quotient  is  the  centrifugal  force  when  the 
weight  of  the  body  is  1.  Hence  the  quotient,  multiplied 
by  the  weight  of  the  body,  is  the  centrifugal  force. 

ExmmpU*  Required  the  ceDtrifugsl  force  of  the  rim  of  a  fly-wheel »  SO  feel 
in  diameter,  moving  with  a  velocity  of  32^  feet  in  a  second  ? 

38^-^.01=8.02;  8.02'-r-20=3.216  times  the  weight  of  the  rim— answer. 

Rule  S.  Multiply  the  square  of  the  number  of  the  revo- 
lutions in  a  minute  by  the  diameter  of  the  circle  in  feet, 
and  divide  the  product  by  the  constant  number  5870;  the 
quotient  is  the  centrifugal  force  when  the  weight  of  the 
body  is  1.  Hence,  as  in  the  first  rule,  the  quotient  mul- 
tiplied by  the  weight  of  the  body  is  the  centrifugal  force. 

ExampU,  Required  the  centrifugal  force  of  a  stone  weighing  21bs.,  revolv- 
ing in  a  circle  of  4  feet  in  diameter,  at  the  rate  of  ISO  revolutions  in  a  mfarate? 

57600 
120'  X  4=57600 ;  and     ^^,-=9.81.   Heoce  9.81  X2=19.62  cenu-ifugal 

force. 


PUEU 

Accordiog  to  Lavoisier,  equal  heats  are  produced  by 
403  lbs.  of  coke,  600  lbs.  of  pit-coal,  600  lbs.  of  charcoal,  ^ 
and  lOSdlbs.  of  oak  wood. 

Mr.  Peckston,  who  has  had  much  experience  in  operat- 
ing upon  fuel  on  an  extensive  scale,  observes,  that  "  the 
heat  produced  from  coke  is  more  intense  than  that  afforded 
by  coal,  and  is  much  more  uniform.  That  it  should  be  so, 
is  very  easily  acconnted  for;  we  know  that  when  coal  is 
aubmitted  to  the  process  of  combustion,  a  considerable 
portion  of  it  is  changed  from  a  slate  of  solidity  to  that  of 
an  elastic  fluidity,  necessarily  carrying  off  part  of  the 
caloric,  without  producing  beat;  whilst  coke,  having  no 
demand  of  this  kind,  allows  its  heating  power  to  remain 
unimpaired.  When  the  heating  powers  of  coal  and  coke 
•re  compared,  it  will  be  found,  that  for  heating  equal 
quantities  of  water  to  equal  temperatures,  in  vessels  of 
like  magnitude,  where  80  lbs.  of  coal  would  be  required, 
the  tame  might  be  performed  with  901bs.  of  coke ;  conse- 
quently the  proportions  will  be  as  S  to  8." 

With  a  view  to  economise  the  cost  of  fuel,  a  great  va- 
riety of  mixtures  have  been  at  various  times  proposed, 
and  several  patents  have  been  taken  out  with  that  object, 
though  with  little  claim  to  originality.  By  the  list  of 
patents  at  the  end  of  thb  work,  it  will  be  seen  that 
Mr.  Devey  bad  two  patents  for  artificial  substitutes  for 
ordinary  coal ;  and  we  here  annex  a  brief  notice  of  two 
other  patents  more  recently  granted. 

Messrs.  Chrbtieand  Harper's  patent  (1824),  is  simply 
for  mixing  culm  and  stone-coal,  or  anthracite,  with  bitu- 
minous coal,  in  any  convenient  proportion(!),  which  will 
depend  upon  the  peculiar  properties  of  the  said  coals,  (as 
they  vary  much  in  their  original  state,)  and  the  nature  of 
the  heat  required ;  but  for  steam  engines,  where  the  bars  . 
of  the  furnace  are  half  an  inch  apart,  the  patentees  assure 
us  that  one-fourth  of  the  bituminous  answers  well  for  in- 
vigorating the  remaining  three-fourths  of  anthracite. 
NoWj  although  we  cannot  say  much  in  honour  of  the  dts- 
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cavery,  we  make  no  doubt  that  a  considerable  advantage 
will  be  found  in  using  sucb  a  mixture,  where  anthracite 
can  be  had  at  a  price  not  exceeding  that  of  the  Newcastle 
coal,  as  the  latter,  though  rich  in  bitumen,  contains  but 
little  more  than  half  as  much  carbon  as  the  anthracite. 
— (See  furnace  for  burning  anthracite,  at  page  8I5)» 

Sunderland's  patent  fuel  (1825),  is  a  combination  of 
gas-tar,  clay,  and  refuse  woody  matter,  in  various  propor- 
tions. One  part  of  each  of  the  two  former,  with  two  parts 
of  either  saw-dust,  tanners*  spent-bark,  dyers*  refuse  wood, 
peat,  &c.  burn  extremely  well.  If  equal  parts  of  the  tar, 
clay,  and  saw-dust  be  employed,  they  make  a  composition 
which  burns  vividly,  and  with  a  brilliant  flame.  The 
materials  are  directed  to  be  thoroughly  mixed,  made  up 
into  lumps,  and  dried,  either  artificially  or  in  the  open 
air,  preparatory  to  their  being  used  as  fuel. 

Sir  William  Congreve  proposed  to  make  the  burning 
of  calcareous  earths  (to  make  quicklime)  auxiliary  to  coal 
in  the  production  of  steam.  In  Partington's  description 
of  the  steam  engine,  at  page  169,  we  find  the  following 
notice  of  this  proposition. 

^*  The  following  is  the  substance  of  a  series  of  experiments  and  calculations 
made  in  the  royal  laboratory  at  Wctolwich,  which  serve  to  shew  the  great  ad* 
vantages  attendant  on  the  adoption  of  this  method. 

'*  Thirty  gallons  of  water  were  evaporated  in  seven  Ikonrs  by  half  a  bnsheT 
of  coal,  weighing  48  pounds*  calcining  at  the  same  time  H  bnsbel  of  lime. 
Thirty-four  gallons  of  water  were  afterwards  evaporated  in  the  same  time, 
without  burning  the  lime,  and  required  one  bushel  and  a  half,  or  120  lbs.  of 
coal.  These  experiments  were  afterwards  repeated*  and  the  same  resnita  ob- 
tained. 

^*  It  appears,  therefore,  from  these  trials,  that  half  a  bushel  of  coal,  with 
lime,  generates  very  nearly  the  same  quantity  of  steam  as  one  bashel  'and  a- 
half,  without  the  lime." 

These  remarks  of  Mr.  Partington  are  very  extraor<» 
dinary,  for  it  is  now  about  half  a  century  ago  since  Mr.- 
Watt  proved  that  lib.  of  Newcastle  coal  was  suflScient  to 
evaporate  7f  lbs.  of  water;  consequently,  the  42 lbs.  of 
coal  used  in  the  first  experiments  to  evaporate  SO  gallons 
of  water,  ought  to  have  evaporated  31|  gallons,  without 
the  assistance  of  the  auxiliary  lime;  thus 

7ilbs.  X4S=S15H-I0=3li  gallons. 

And  in  the  second  experiments,  the  pretence  of  ^^  the  great 
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ad?antages  of  this  method"  become  ?ery  conspicuous.  We 
are  told  that  84  gallons  of  water  were  evaporated  with 
126  lbs.  of  coal ;  now  let  us  see  how  many  gallons  of  water 
Watt  evaporated  with  12011)8.  of  coal. 

7|X  126=946-i-10»:94|  gallons  J 

and  we  should  have  no  hesitation  in  undertaking  to  make 
a  boiler  that  should  evaporate  one-fourth  more,  or  10  lbs. 
of  water  for  every  pound  of  coal  consumed,  t.  e.  196  gal- 
lons. Notwithstanding  a  diaadvantagey  instead  of  an  od- 
Vitntage^  has  been  proved  in  this  case,  we  believe  that  the 
heat  from  a  lime-kiln  may  be  beneficially  employed  in 
generating  steam.  We  have,  indeed,  heard  of  its  having 
been  done  antecedently  to  the  experiments  of  Sir  William 
Congreve. 


GLOSSARY. 

Arbor.  The  principal  spindle  or  aiis  which  commanicatot  moUon  to  the  other 
parts  of  a  machine. 

AUratMtm  efcokuhn.  The  attradion  which  holds  the  particles  of  matter  to 
each  other. 

AUnutiom  o/grmfUalhn,  The  force  which  causes  all  ponderous  bodies  to  fall 
towards  the  earth's  centre. 

jisis.  The  spindle  or  centre  of  any  rotary  motion. 

B§vd  gutr.  Wheels  in  which  the  teeth  are  set  at  angles  of  various  deprees  from 
the  radios. 

Gettire,  The  diameter  of  a  hole. 

Cmtrs  rf gravity.  The  centre  of  gravity  of  a  body,  is  a  point  abont  which  all 
the  parts  of  a  body  are  in  eqniltbrio. 

CwtrtifgyraiUm,  The  centre  of  gyration,  is  that  part  of  a  body  revolving 
abont  an  axis,  into  which,  if  the  whole  quantity  of  matter  were  collected, 
the  same  moving  force  would  generate  the  same  angular  velocity. 

Cmlre  ofpBreustUm,  The  centre  of  percussion,  is  that  point  of  a  body  revolv- 
ing about  a  fixed  axis,  into  which  the  whole  of  the  force  or  motion  is  col- 
lected. It  is,  therefore,  that  point  of  a  revolving  body  which  would  strike 
any  obstacle  with  tlie  greatest  elfect,  and,  from  this  property,  it  has  re- 
ceived the  name  of  percussion. 

Cmirijkgai,  Flying  from  the  centre. 

Cmiir^eUa,  Flying  to  the  centre. 

Ckcrd,  Perpendicnlar  let  fsU  from  any  radius  of  a  circie* 

dutch.  A  piece  of  wood  or  metal  with  two  legs,  to  disengage  and  re-engage 
machinery. 

OmemUrie,  Haying  the  same  centre. 

CtmsimU  foT€99,  Force  without  interruption. 

Cng>lbigf.  To  connect  two  shafts  or  spindles  longltndinally. 
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CmpUmg-hox.  JL  strong  piece  of  boUow  iron  to  connect  ihnftlnf,  md  threw 

machinery  in  and  out  of  gear. 
C^fdoid,  A  geometric  curve. 
JEXete.  Facte  from  which  wo  may  deduce  reeolti. 

JSccenlrle.  Deviating  from  the  centre  %  as  cambs,  attached  to  the  rim  or  cir- 
cumference of  a  abaft  for  lifting  forge  hammers,  stampers,  &c. 
EfUycMd,  The  curve  described  in  the  air  by  a  point  oo  the  circumlfeience  of 

a  circle,  when  this  circle  rolls  on  another  circle  as  its  bate. 
KqtOiibriym.  That  peculiar  state  of  rest  in  which  a  body  Is  malntafaied  by  the 

force  of  gravitadon,  when  the  quantity  of  matter  in  It  b  exactly  equal  on 

each  side  of  the  bar  or  point  on  which  it  is  supported. 
FuUntm.  The  point  or  bar* on  which  a  lever  rests. 
Orcoi^.  Tendency  towards  the  centre  of  the  earth  s  weight. 
OiidgfoR.  The  centre  or  pivot  of  a  water-wheel. 
Ituriia,  That  tendency  which  every  piece  of  matter  has,  when  at  rest,  «o  remain 

at  rest  i  and  when  In  motion,  to  continue  that  motion. 
In  wicifo.  Empty  space,^  void. 
Loeomottot,  The  power  of  changing  place. 
"Htueimum,  Is  the  utmost  extent  of  any  movement  or  power. 
Minimum,  Tlie  reverse  of  maximum. 
JfMMafifm.  The  force  possessed  by  matter  in  motion. 
Oxyd,  A  combination  of  oxygen  with  a  metallic  or  other  baie. 
Pitch'Unu,  The  touching  circumferences  of  two  wheels  which  are  to  act  on 

each  other. 
Pilch  of  the  wheeL  The  distance  from  the  centres  of  two  teeth,  measured  upon 

their  pitch  line. 
Pioot,  A  short  shaft  on  which  a  body  turns  or  vibrates. 
RoHmmm,  The  semi-dlameter  of  a  circle  i  the  arm  or  spoke  of  a  wheel. 
JieeiproctMng,  Acting  alternately. 
Rectilinear f  or  RectiUneaL  Consisting  of  right  lines. 

ScantUng.  The  length,  breadth,  and  thickness  of  any  solid  body  taken  lineally. 
8hi{/t.  A  long  piece  of  wood  or  metal,  on  which  large  wheels  are  fixed  in  mOI 

work. 
SMeeve.  A  small  kind  of  pulley. 
SnaU  movemmU,  An  eccentric. 
Bpindie.  A  thin  piece  of  wood  or  steel,  on  which  yam  Is  wound  after  it  ktt 

been  twisted :  a  small  kind  of  shaft* 
Spur  gttir.  Wheels  whose  axes  are  parallel  to  each  other* 
%pAon.  A  bent  tube  with  unequal  legs,  through  which  a  fluid  will  flow  ifj  the 

force  of  gravity. 
TapptU,  Projections  on  the  plug-tree  of  a  steam  engincy  which  open  nn^  itet 

the  valves  at  proper  intervals. 
Faamm,  Void  of  air. 
FertiaU.  Perpendicular  to  the  horiion* 
Vii  fa«r<te.  Vide  Jmrnrih. 
Wiper,  An  eccentric. 


A  CHRONOLOGICAL 

LIST   OF   PATENTS, 

ORANTBD 

rOR  INTEKTIONS  AND  IMPROVEMENTS  OF  OR  CONCERNING 


1630.  David  Ramseye,  froom  of  (he  privy-chamber  to  Charles  I.  had  a 
patent  for  inventions  **  toraise  water  from  low  pU»  by  fire;  to  make  anjf 
9ort  oftniUs  go  in  itandhig  watered  bjf  continual  motion^  without  tho  help  of 
tnndj  water ^  or  hone ;  and  to  raise  water  from  low  placeg,  and  mines, 
and  coal  pits^  hy  a  new  way  not  yet  in  «««.** 

1608,  Thomas  Savery,  of  London,  for  raising  water  by  the  elastic  force 
of  stemni  and  far  effecting  a  vacuum  by  condensing  steam  ^  io  raise 
water  by  the  pressure  of  the  atmosphere. 

1705.  Thomas  Newcomen  and  John  Cawley,  of  Dartmouth,  and  Thomas 
Savery,  of  London, /or  condensing  steam  under  a  piston y  S^e. 

J  7 18.  Henry  Bei^hton,  for  hand  gear, 

1736.  Jfioathan  Hulls,  of  London,  for  propelling  a  boat  by  steam, 

1759.  James  Brindly,  of  Lancaster,  for  a  steam  boiler. 

1766.  John  Blaliey,  London,  for  an  improvement  upon  Savery^ s  engine. 

1769.  James    Watt,    Glasgow,  for  condensing  in    a  separate  evssel — ustrng 

oily  fat,  (fc,  instead  ofwa'er — casing  the  cytinder^-werking  engines  by 

the   pressure  of   steam    without    a    vacuum — steam    wheel — working 

engines  by  the  alternate  expansion  and  contraction  of  the  steam, 

Du|^ld  Clarice,  for  obtaining  a  continuous  from  a  reetproeating  motion, 

1779.  John  Chrysel,  London,  for  an  improved  JUmace. 

1778.  Matthew  Washborough,   Bristol,  for  eonverfin^  rectilinear  into  rotathte 
motion, 

1781.  John  Steed,  Lancashire,  application  of  the  crank  motion. 
JcBa'han  Hornblower,  Penryn,  fur  an  engine  with  two  cyUnderSm 
James  Watt,  regulating  motion — sun  and  planet  wheel. 

1782.  James    Watt,    Birmingham,    expansive    engine-^-six   contrivances  for 

regulating  the  motion  —  double  acting  engine — two  cylinders-~-parallel 
motion,  obtained  by  a  rack  and  sector — semi-rotative  engine^^stedm 
wheel. 

1784.  Ditto,  Ditto,  rote/toe  engine — parallel  motions^^ortable  engine  and  steam 

carriage — working  hammers,  ^c. — improved  hand  gear — improved  m«- 
ihod  of  working  the  vahes, 
Robert  Cameron,  London — heliacal  engine,  improvement  on  NesDComen^s, 

1785.  Ditto,  ditto,  for  furnaces  for  consuming  smoke. 

1789.  Thomas  Burgess,  London,  for  coRperfing  a  vibrating  into  a  rotatory  motion, 

1790.  Bramah  and  Dickenson,  London,  for  three  reiatory  engines, 

1791.  James  Sadler,  Oxford,  rotatory  engines. 
170S.  Wm.  Symington,  Kinnaird — condensing  engine. 

1793.  F.  Thomson,  London,  A>r  an  atmospheric  engine  with  two  eyUndtrs. 

1794.  Robert  Street,  London,  for  an  inflammable  vapour  engine, 
1796.  John  Pepper,  Newcastle,  for  saving  fuel. 

John  StriMig,  Bingham,  for  a  Wiwform  of  valves, 
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Willunn  Bmiley,  Ifanchetter,  for  a  mv  nude  of  working. 
Valentioe  Cloie    wUng  fiteL 
FrenclB  Lloyd*  Woolstontoii — emuiruddim  ofJvmMcs, 
1797.  E.  Cartwrigbt,  Middl«wz»  for  «  mw  ctmdmuing  engine  9  muimUH  pititm ; 

J.  Grower,  Ctietlwoi*  for  a  hoOtr  mdfitmace* 

T.  RoWDtroe,  London,  for  •  hHin  miAfiumactm 
1708.  W.  Ray  ley,  York,  for  a/tinuic«,  heUvr^  and  appende^'e^', 

John  Dickson,  Sooth  wark,  for  a  method  of  construction. 

F*  Rapozo,  (of  Ll«bon,)  London,  eonttmcHou  of  cylinder^  and  omiue». 

G.  Quieroz,  London,  for  a  cylinder  and  vatoes, 

Jamea  Sadler*  Oxford— ^daaftls  c^Undere — a  comHnation  ofCarfwrighi 
and  fVati*$' engines, 

Jonathan  Homblower — steam  wkeet, 

George  Bloadell,  saving  fuel,* 
1799*  J.  lYUkimon,  Castlehead,  constrvctifin  of  boiler  to  savcjuel. 

M •  Murray,  Leeds,  hoiter.,  damper^  horitontal  tylindtr, 

A.  G.  Bckhardt,  for  sanfiing  find. 

If.  Mordock,  Redmtb,  OfUnder — valves — rotatory  engine, 

James  Boms,  Glasgow,  boQer — saving  fuel, 

J.  Bishops,  Connecticut,  for  a  rotatory  engine, 

Robert  Delap,  Banville,  an  economical  boiler, 

Samael  Rehe,  London,  transmitting  force  of  fluids, 

T.  Cooke,  London,  mode  of  applying  fuel, 

1800.  Phineas  Crowther,  Newcastle,  crank  and  parallel  motion. 

John  and  James  Roberton,  Glasgow,ytirfiffce  to  consume  smoke — donbU 

qfUndoTm 
Peter  Deyey,  London,  improved  fuel, 

1801.  E.  Cartwrigfat,  Middlesex,  porteftb  ca^fiie. 
£•  Wilcox,  Brbtol,  rotatory  engine. 

If.  Hase,  8azthorpe,  eyUstder^  boiler j  6;c, 

M.  Murray,  Leeds,  pump  for  the  separate  discharge  of  air  and  Katet-  valtes 

-n-pmraOal  maUan, 
Timothy  Bramah,  Pimlico,  revolving  cock, 

G.  Medhnrst,  London,  for  coaoer^n^  circular  into  reclilinear  motiom, 
W.  Symington,  Rinnaird,  rotative  engine, 
John  Anderson,  Moanie,  saving  fuel. 
Earl  of  Stanhope,  saving  fitel, 
James  Glazebrook,  Colebrook  Dale,  teoriMf  machines  by  means  ofpro' 

parties  of  air, 
Robert  Young,  Bath,  saving  fueL 

1802.  Trefritbtck  and  Vivian,  high^preseure  engine, 
M.  Murray,  Leeds,  portedb  engine, 

T.  Saint,  Bristol,  bailer  and  fiamaee, 

J.  Lewis,  Briscombe,  improved  fitmace* 

R.  Wilcox,  Bristol, ytimace — boiler — engine, 

James  Sharpless,  Bath,  appUeedian  of  combined  mechanical  powers  to 

gteam  engine, 
Thomas  Parkinson,  London,  conveying  steam  and  fluids, 
M.  Blllingsley,  great  hnprovement  in  boring  cylinders, 

1803.  J.  Leach,  Merton  Abbey,  con«fnfcei<m  of  boiler. 


*  Many  of  the  patent  inventions  in  this  list,  whose  tides  announce  (heia  as 
intended  for  effecting  a  saving  in  fitely  are  designed  more  •specially  for  cuii* 
nary  and  domestic  purposes  1  and  although  their  beneficial  application  lo  lae 
boilers  of  steam  engines  is  in  some  instances  very  doubtful^  the  disttnctioa 
omnot  here  be  well  defined. 
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ISOS,  Arthor  Woolfe,  London,  improved  boUer, 

Bryan  Donkin,  Oartford,  rotary  engine, 

Wm.  Freemande,  London,  tnprovemeni  m  ejfUfMl<r,  vaioetf  and  pump, 
-1804.  R.  Wilcox,  Briitol^  improved  boilef  and  Jkmaee, 

Arthur  Woolfe,  London,  improved  engine — higk-preuure  MUr, 

James  Barrett,  Saffron  Walden,  eeonomiwingJM. 

1805.  James  Rider,  Belfast,  improvements  in  cylinder    eteam  teguUUer^ 
Jonathan  Hornblower,  Penryn,  eieam  wheel, 

Wm.  Earl,  Liverpool,  mode  of  working  and  eontirueUng. 

James  Stevens,  London,  boiler,  efa  coUeeOon  of  tubes, 

Alexander  Brodie,  London,  boiler  ahdjumaee, 

James  Boaz,  Glasgow,  mercurial  engine  Jhr  raising  waier, 

Charles  Coe,  London,  application  ofkeat, 

Arthor  Woolfe,  London,  improvemenis  inpi$iemi  ^Undetj  Sce^ 

Ralph  Dodd,  London,  mode  of  saving  fiteL 

William  Deverall,  Blackwall,  boiler  andfiamace, 

Samuel  Miller,  London,  various  improvemeais, 

John  Trotter,  London,  steam  wheel. 

Andrew  Flint,  London,  rotative  engine, 

1806.  William  Lister,  London,  roiaiive  engine, 
Ralph  Dodd,  London,  various  improvements, 
R,  Wilcox,  London,  rotaUny  engine, 

W.  Miller,  London,  improved fkmaee, 
Josias  Robins,  Liverpool,  improved  fkmaee, 
Wm.  Nicholson,  London,  appUeation  of  steam, 

1807.  Allan  Pollock,  Gla8g;ow,  improved fsmtaee, 
Henry  Maadsley,  London,  portable  engine, 
Ralph  Oodd,  economising  heai, 

James  Bradley,  London, yunures  bars* 
•809.  Thomas  Mead,  rotatory  engine* 

James  Ltnaker,  Portsmouth,  steam  boat, 

T.  Smith,  Biliton,  certain  improvemenis, 

Thomas  Preston,  London,  construction  offiamaee^ 
1809.  Mark  Noble,  Battersea,tinprooM(M^«. 

Edward  Lane,  Stoke-on-Trent,  rotatory  engine* 

J.  T,  Fesenmeyer,  London^  mode  of  consiructiHg  and  moritiligm 

Richard  Scantlebury,  Redrutli,  csrloin  improvements, 

Samuel  C\egg»  Manchester,  rotatory  engine, 

James  GreUiar,  Aldborough  Hatch,  ywiMM. 

Marray  and  Anderson,  of  Edinburgh,  «pf»ifealtoii  of  heat, 

Nugent  Booker,  Dublin,  saving  fitel. 
1810*  Arthur  Woolfe,  London,  various  improvements, 

W.  Clerk,  Edinburgh,  regulation  of  heat, 

W.  Chapman,  Newcastle,  rotatory  engine, 

Richard  Witty,  of  Hull,  eom^^notiofl  of  the  reciprocating  rectilinear  maUm 
with  the  rotative — two  engines, 

Stedman  Adam,  Connecticut,  various  improvements, 

David  Cook,  London,  heating ftaids, 

Wm.  Dockrey,  London,  appUeation  of  heat,. 

John  Justice,  Dundee,  implication  of  heat, 

John  Craigie,  Quebec,  saving  fitel, 
181 U  Richard  Witty,  Hull,  improvemenU  upon  firmer  patent, 

Charles  Broderip,  London,  various 4mproveme$its, 

Joseph  Miers,  London,  Mvto^yW. 

Michael  Logan,  Rotherhithe,  generation  of  fire, 

J.  Trotter,  fjoadoD,  improved  appUeation  of  steam, 

Henry  James,  BirsaJTichaiD,  steam  beat. 
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181 1.  W.  Good,  London,  canstrucHon  o/vmIvs, 
I81«.  John  Sutherland,  Liverpool,  boUer^ 

R.  W.  Fo»  and  Joel  Lean,  Falmouth,  varwus  imjir^vMMmK. 

Henry  Higgtnion,  London,  UeMm  koM, 

William  Onions,  Ponlton,  rotative  MgiM. 

Henry  Oiborn,  Bordesley,  numufacturing  •fcjfUndert. 

1813.  Robert  Dunkin,  Peniance,  ImiwpBedytowflc*. 
W.  Bronton,  Butterly,  varimu  hnproveme/Ui. 
John  Barton,  London,  warwu  imprpvmMmit. 
John  Sutherland,  Liverpool ,>l«ni«ce, 

J.  White,  Leeds,  vmrhut  imprcvemtnU. 
C.  Brodrick,  London,  impmed  b^iUr, 

1814.  W.  A.  Noble,  improi»«i«igiii». 

J.  Rattrick,  Bridgeoortb,  ctrUOn  hnprovenunU. 

Thomas  Tudal,  York,  gUmm  cmrrimgts, . 

John  Slater,  Birmingham,  improved  boiler, 

Uodd  and  Stephenson,  Kill  log  worth,  Uoatn  cmrrimgw, 

1815.  William  Losh,  Newcastle, yiimoce. 

H.  Holdsworth,  Glasgow,  certain  improvemenU. 

M.  Billiogsley,  Bradford,  certain  imprwmontu 

Richard  Trevithick,  Cambron,  improved  pUtou^rotaHve  enfine. 

W.  Moult,  London,  improved Jumace, 

J.  Cutler,  London,  mode  of  supplying  fiteL 

Marquis  de  Chabannes,  9mohkgfiuL 

W.  and  A.  Bevan,  Glamorgan, /wnwce. 

1816.  Dawes,  Bromwich,  imprwd  paraOel  motion. 

G.  F.  Mantz,  Birmingham,yi«ni«c«ybr  contuming  smoke. 

Bryan  Donkin,  Surry,  boiler. 

Alexander  Rogers,  Halifax,  mode  cfsetUng  boUen  to  enefm^ 

John  Barton,  variOns  improvements. 

Philip  Taylor,  Bromley,  mode  ofappfytng  heat. 

W   Steinson,  Coleford,  impreoMf  tngine. 

Robert  Stirling,  Edinburgh,  improved  fitmace. 

George  Bodley,  Exeter,  various  improvements, 

Joseph  Turner,  Layton,  rotaiorp  engine. 

John  Nevillet  London,  new  mode  of  generating  and  appfying  sitamm 

Joseph  Gregson,  London,  wMda  ofsuppfyingjvel. 

William  Losh,  Newcasde,  impreoed>nMice». 

1817.  George  Manwaring,  London,  vorieia  improvements^ 
John  Oldham,  Dublin,  steam  boat. 

Moses  Poole,  London,  certain  improvements. 
W.  A.  Oabom,  B.ordesley,  boring  cjfUnd^rs. 
George  Stratton,  London,  saving fiteL 

1818.  William  Moult,  London,  certain  improvements. 
Alexander  Haliburton,  Lancashire,  improved fitmaee. 
John  Scott,  Peoge,  steam  boat, 

Philip  Taylor »  Bromley,  appUcatimt  of  heat. 
Monroe  and  Langton,  certain  improvements. 
Joshua  Roolledge,  Bolton-le-moor,  retatmy  engine. 
Lord  Cochrane  and  A*  Galloway,  eensmning  smoke. 
James  Ikin,  Christchnrch,  hoUomJumace  bars. 
Henry  Creighton,  Glasgow,  regulating  steam, 

William  Church,  London,  certain  imprevenunts. 

William  Johnston,  London,yUnMce  eensuming  smoke. 
1819.  Marquis  de  Chabannes,  London,  boiler  of  tubes. 

Jones  and  Plimley,  Birmingham,  certain  imprmfomtnis* 

John  Malam,  London,  certain  improvements* 
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Sir  W.  Congreve,  London,  steam  wkul, 

JamOB  Frazer,  London,  jimcf son  of  tunnels  in  a  hcUer^ 

R.  Wright,  London,  various  improvements, 

John  Seaward,  London,  mode  of  generating  steam.^ 

'William  Brnnton,  Birmingham,  revolving  fitmacs  to  consume  smoke, 

George  Killej,  Briggen,  various  improvements, 

John  Pontifex,  London,  improvement  on  Savery^s  engine, 

1880.  John  Oldham,  Dnblin,  addition  to  fbrmer  patent, 
William  Carter,  Middlesex,  certain  improvements, 
John  Barton,  London,  engines  and  boilers  for  propelling, 
John  Hague,  London,  various  improvements, 

John  Wakefield,  Manchester,  ^macc  and  mode  of  feeding, 

William  Bninton,  Birmingham,  addition  to  farmer  patent, 

Josiah  Parkes,  WsLrwick^  furnace  for  consuming  smoke. 

Job  Rider,  Belfast,  rotatory  engine, 

John  Moore,  Dublin,  rotatory  engine, 

W.  Pritchard,  Leeds,  yunurce,/^  consumption  of  smoke, 

1881.  William  Aldersey,  Homerton,  substitute  for  the  crank, 
Thomas  Masterman,  Ratcltffe,  steam  and  water  wheel. 
Robert  Stein,  Lambeth,  certain  improvements, 
Robert  Delbap,  Belfast,  rotatory  engine. 

Dr.  Henry  Pcnneck,  Penzance,  lessening  consumption  offusL 

Henry  Brown,  Derby, /umae« /or  consuming  smoke, 

Aaron  Manby,  Tipton,  various  improvements, 

Thomas  Bennet,  Bewdley,  various  improvements. 

Sir  W*  Congreve,  London,  improvements  on  former  patent, 

Franz.  Anton  Egells,  London,  various  improvements, 

Charles  Broderip,  London,  various  improvements. 

John  Gladstone,  Castle  Douglas,  North  Britain,  improvommte  m  stestm 

vessels, 
Julins  GriMth,  Middlesex,  locomotive  steam  carriages, 
John  Bates,  Bradford,  supplying  fuel  to  furnace, 
Jonathan  Dickson,  London,  transmitting  heat, 
Peter  Devey,  London,  prepared  fitel  in  balls, 
1888.  Richard  Ormrod,  Manchester,  mode  of  setting  boilers, 
G,  H.  Palmer,  London, ^maca /or  consuming  smoke, 
George  Stephenson,  Long  Benton,  certain  improvements. 
Alexander  Clark,  Louchars,   Fife,    improvements  in  boilers  and  cor* 

densers, 
M.  J.  Brunei,  Chelsea,  certain  improvements, 
Joseph  Smith,  ShefAeXd^  improved  boiler, 
John  Stanley,  Manchester,  supplying  furnaces  with  fuel, 
T.  and  J.  Binns,  Totienham  Court  Road,  steam  engines  and  boilers, 
T»  Leach,  London,  steam  wheel, 
Jacob  Perkins,  London,  certain  improvements, 
Bainbridgo  and  Thayer,  rotatory  engine, 
188S.  James  Nevilley  Shad  Thames,  boiler  and  furnace, 

William  Johnson,  Great  Totbam, yumae^  and  boiler  for  saving  Just, 
Robert  Copland,  Clerkenwell,  *'n«»  combinations  for  gaining  poster,** 
N.  Partridge,  Stroud,  mode  of  fixing  boilers, 
H.  H.  Price,  Neath  Abbey,  Glamorganshire,  improved  machinery  for 

steam  boats. 
William  Jessop,  Derby,  metalUe  packing  topiston> 
Jacob  Perkins,  London,  boiler, 
Thomas  Peel,  Manchester,  rotatory  engine, 
Jacob  Perkins,  Loudon,  certain  improvements  on  steam  engines, 
Fisher  and  Horton,  West  Bromwicb,  boiler* 
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W.  Jakei,  Great  RoMel  Street,  rtgnXaUmg  tt^kf  qfwaUr  U  btikrt. 

Bower  and  BJaod,  Leads,  $Uam  migme  wUhout  abr^pymp, 

William  Wif^ston,  Derby,  various  impntomunit* 

Robert  Higgin,  Norwich,  mtihod  ^cmsundHg  imtH 

James  Larrey,  Battersea,  Mu6if  ofjwi, 

James  Christie,  LoodoD,  eom^ina/ion  offuetforfimacu* 

Jacob  Perkins,  LoDdoo,yi(nMCM/>r  haOerM. 

Samuel  Brown,  London,  mgVM  fir  effecting  a  Meanim  wUkmii  tkeu»$  ^ 
tteam, 

W.  Fumival,  Droltwich,>»r  a  bmUr. 
1824.  Rev.  Moses  Isaacs,  ifaaM  mgiM^  and  nuwkhurs  U  tommmitaU  power. 

Christie  and  Harper,  comHaaUom  t^fitd  for  fmmac^, 

Maurice  de  Jougb,  Warrinf  loo,  ^eomondsi^  koai  bp  comkMmga  €oke  ooen 
wUk  a  tteam-engiM  (oiler* 

Samuel  Hall,  Basford,  improoed  tUam  emgimo^ 

George  Vaugban,  Sheffield,  improved  oUam  engbm, 

J.  T.  Paul,  Westminster,  tubuiar  boilor* 

W.  H.  James,  Birmingham,  hcomotivo  carriaget^ 

John  M'Cordy,  London,  goMraUng  stoam. 

Philip  Taylor,  City  Road,  certain  Unprovementa. 

W.  Foreman,  Bath,  retatory  engmee. 

Piene  Alegre,  Comnercial  Road,  apparahufor  gensratmg  tteam. 

Maudslay  and  Field,  boUertfrr  steam  veseeh, 

John  Moore,  Bristol,  improvements  tqMm  enffae  and  i^partihu* 

David  Gordon,  London,  iooomoiive  steam  earriage, 
1885.  Dr.  Tilloch,  IsUngton,MrloMliiiprotMmeitfff. 

Borstall  and  HUl,  Surrey,  ioeomolioe  steam  ctfrriage^ 

WUliam  Grisenth waits.  King's  Place,  Nottkighamshlre,  fatpmvMi  oh 


Oillman  and  Sowerby,  London,  generating  steam. 

T.  Sunderiand,  Blackhealb,  mess  eombinatiom  offi     ^     _ 

J.  C.  C.  RaddaU,  [uweR^ed  bg  Dr.  ^I^mt],  ianprovomonta  in  stem  cnglM 

and  baiters. 
W.  H.  James,  Birmingham,  isibutar  boiler. 
Thompson  and  Barr,  London,  tm|n-oMroiiitt  ta  ptoduuitHg  stoasi* 
M.  J.  Brunei,  London,  moMsoryfor  obtaining  power  bg  the  etpamsiom  of 

the  UfuyUbU  gases. 
Jean  Antoine  Tessier,  Loadon,  virions  improvements, 
Thomas  Howard,  London,  frr  an  engine  in  which  the  eaepansive  force  of 
.  the  vapours  of  alcohol  and  ether  are  employed, 
Josiah  Easten,  Bradford,  locomotive  eteam  carriage. 
Goldsworthy  Gnmey,  Argyle  Street,  tubuiar  boUer. 
L.  W.  Wright,  Lambeth,  rotatory  engine. 
F.  Halliday,  Ham,  rotatory  engine. 
Joseph  Eve,  Liverpool,  rotatory  engine^  boiler^  valosf,  ^c, 
J.  M*  Curdy,  Strand,  apparatus  for  generating  f<eam. 
1820.  A.  R.  Lorent,  London,  application  of  steam. 

James  Neville,  Shad  Thames,  apparatus  for  generatimg  steanu 
Samuel  Brown,  Brompton,  vacaum  engine^  addition  to  his  farmar  patent. 
A.  Buffom  and  J.  M^Cnrdy,  London,  improvements  im  steam  engines. 
Henry  Higginson,  St.  Luke's,  Middlesex, jpropeUiii^  boats  kg  steam. 
Joseph  L.  Marie,  Marqute  de  Combis,  of  Leicester  Square,  rotatory 

engine^  and  apparatus  comealod  theresrith. 
Robert  Mickleham,  London,  certain  improvements. 
William  Robinson,  f^tmudt  propelling  vessels  by  steam. 
Count  Adolpke  Eugene  de  Rosen,  if  Westminster,  ffca0  engine  for  cem* 
municating  power. 


CRRONOLUOICAL   LIST   OF    PATBNTi.  865 

J.  B.  Wilki,  ofTandrldge  Hall,  Surrey,  jrrodbfclM^  s/mhi. 
BorBtall  aod  Hill,  of  Leitb,  steam  anriage, 
John  Coiti^D,  CoUen,  Lonth,  voHom  improvementt. 
EJgah  Gralloway,  London,  rotmy  engime, 
1887.  James  Frazer,  Hoandsditch,  improved  MUr, 
James  Neville,  Shad  Thames,  iimm  tmriagB, 
Robert  Copeland,  Wilmington  Square,  ^^mmMnay  fir  goMikg  p9wr^* 

being  additiimM  to  firmer  pateni. 
Robert  Barlow,  Chelsea,  eubstitutefir  f|e  erOHk, 
R.  and  J.  Stirlinf ,  Glasgow,  improved  air  engkaee* 
John  White,  Southampton,  improved  pistone  aiadvatves. 
Sir  W.  Congreve,  Strand,  new  motivo  potter, 
R.  W.  Fox  and  Joel  Lean,  Falaiouth,  varioae  improvememte. 
Jacob  Perkins,  London,  certain  improvomenti, 
Walter  Hancock,  Stratford,  improvemente  in  etoam  engines. 
Thomas  Peek,  London,  revoMwg  sieam  engine, 
Parkinson  and  Crossley,  London,  condensed  air  enghu 
Joseph  Mandslay,  certain  improvemenit, 
Anthony  Scott,  Duiiiam,  preserving  boOors  fiom  seMmMit  wsk  mcrM- 

iaHon, 
Peter  Burt,  Limehouse,  steam  engine, 
Goldsworthy  Gnmey,  London,  locomotive  enginm, 
J.  Apsey,  Lambeth,  subsHiuiefir  crank, 
Paul  Steenstrup,  London,  propelUng  vessels, 

A.  M.  Skene^  London,  propelHng  vessels, 
J.  L.  Stevens,  Plymouth,  propelling  vessels, 
S.  Holland,  London,  locomotive  carriage. 

Dr.  W.  Harland,  Scarborough,  locomotive  carriage, 
W.  Hale,  Colchester,  propelling  vessels, 
1098.  J.  Gilbertson,  Hertford,  smokc'Consuming  fimace, 
John  Evans,  j on.  Walllngford,  steam  engine, 
Beale  and  Porter,  of  London,  communicating  heatm 
G.  Jackson,  Dublin, jpropeWn^vetxeb. 
W.  Naime,  Edinburgh,  propelling  vessels, 
Natban  Gong h,  Salford,  propelling  carriages  and  vessels, 
Samuel  Clegg,  Liverpool,  steam  engines  and  boilers, 
Charles  Harsleben,  London,  propelling  vessels, 
S.  W.  Wright,  London,  hoomoHve  carriages, 
C  C«  Bombas,  London,  propelling  carriages  and  boats, 
Samuel  Hall,  Basford,  jioirer  engine, 

£.  G.  Atherley,  of  York  Place,  **  a  method  of  generating  power,''* 
J.  J.  Isaacs,  Edgeware  Road,  MldAlesex ^  propelttng Jtoating  bodieo 
J.  and  S.  Seward,  of  Poplar,  for  propelling  vessels  and  carriages* 
J.  B.  Neilson,  Glasgow, ybr  blowing  apparatus  to  furnaces  generdlfy, 
John  Melville,  London,  for  propelling  vessels, 
James  Neville,  London,  for  an  engine  to  obtain  mechanical  posoer  fiom 

streams  of  water, 
Thomas  Tippett,  Gwennap,  Cornwall,  various  hnprovemenls  in  steam  and 

air  engines, 
Joseph  D*Arcy,  London,  steam  engine, 
George  Rennoldson,  South  Shields,  rotary  engine, 
Charles  Cameron,  Loudon,  propelUng  venels, 

B.  Williams,  London,  for  improvements  in  the  appUeaiian  of  elastic  and 
dense  Jhdds  in  the  propelUng  of  machinery, 

Anton  Bernhard,  of  London,  for  apparatus  for  propelling  vessels, 
Wm.  and.  James  Stead,  of  Gilderstooe  and  Doncaster,  for  improved 
paddle  wheels. 
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Parr  and  Bluett,  London,  for  convertimg  a  roimy  into  m  reaproeafing 
mctiom, 

0.  H.  WilliaiDi,  of  North  Nibley,  GlouGostenlUre,  trnprocemeut*  in  pad- 
dies mnd  other  propeUing  machinery, 

1889    Septimos  Gritton,  of  PeotoovUIe,  for  improved  paddUt. 
A.  Roberfeon,  Li?erpool,  for  improved  paddles, 
ThomaB  Smith,  Derby,  for  improved  machinery  appUcable  to  steam  en- 

gineSf  pumps^  tfc. 
John  Udney,  London,  in^ovemenis  in  steam  engines. 
Wm.  Enkine,  Cochrane,  London,  improved  paddle  tcAeels, 
Braithwaite  and  Ericason,  London,  for  generating  steam, 
Julina  Humphrey,  of  Worcester,  for  machinery  for  propelling  vessels. 
P.  and  W.  Pickerini^,  Liverpool,  for  on  engine  to  be  worked  hyjUiidi  or 

gases,  to  be  caUed  «'  Pickering's  Engine.** 
James  Button,  jun.  of  Wootton-nnder-Edge,  for  propeUing  vessels 
Elijah  Galloway,  of  Londoq,  for  improvaments  in  steam  engines  and  pro- 

Jacob  Perkins,  London,  niachinery  for  propeUing  vessels. 

Robart  Crabtree,  Halesworth,  for  propelling  carriages,  vessels,  h;c, 

Moses  Poole,  London,  for  generating  steam  and  cui rents  of  air,  and  ap- 

pUcsUion  to  locomotive  carriages, 
Joshua  Bates,  London*  for  improved  method  of  constructing  steam  boilers. 
H.  C.  and  C.  F.  Price,  Bristol,  apparatus  for  communicating  heat, 
T.  S.  Brandreih,  Liverpool,  carriage  propelled  by  horses  inside. 
R.  Torrens,  Croydon,  engine  for  communicating  power  and  motion. 
J,  Moore*  Bristol,  for  propelling  carriages  and  floating  bodies. 
T.  Banks,  Barton  upon  Humber,  for  improvements  in  steam  engines. 
W.  Church,  Birminfiiam,  for  propeUing  vessels, 
J,  Viney,  Piccadilly,  for  steam  boiler. 
1890.  W.  Hall,  CoIche6ter,^ciii|r  water  for  propelling  vessels, 

W.  Grisenthwalte,  of  Nottingham,  for  improvements  m  steam  engines. 

Raire  and  Boase,  London,  improvements  in  boilers. 

Summers  and  Ogle,  London,  fur  improved  boilers,  especially  for  loconso- 

five  purposes, 
J,  Cocliaux,  London,  for  safety  apparatus  to  boilers. 
W.  T.  Haycraft,  Greenwich,  for  improvements  in  steam  engines. 
S.  Parker,  London,  mechanical  power  from  chemical  agents. 
J,  Clive,  Chell  House,  Stsffbrd,  for  improvements  to  locomotive  machine*, 
Rawe  and  Boase,  London,  improvements  in  steam  carriages  and  boilers. 
T.  Bulkeley,  Loodon,  propelling  vessels. 
W*  Taylor,  Wednesbury,  improvements  in  boilers  and  other  apparatus  of 

stetmt  engines, 
J,  Ericsson,  London,  rotary  engine. 

J.  Ruthven,  Edinburgh,  navigating  vessels  and  propelling  carriugu, 
J,  Street,  Clifton,  rotary  engine, 
Major-General  Gubbins,  propeUing  machinery, 

1.  Nott,  Schenectady,  New  York,  and  London, yi/mace. 

Bramley  and  Parker,  Moulsley  Priory,  Surrey,  improvements  in  loco 

motive  carriages,  ^c. 
Sir  T.  Cochrane,  London,  rotary  engine, 
W.  Church,  Birmingham,  propeUing  and  evaporation, 
R»  Witty,  Basford,  propelling  carriages  and  vessels, 

N.B.  The  foregoing  list  eitendd  to  the  1st  of  January*  I8SI* 
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Act  qf  Parliament  respecting  steam- 
engine  furnaces,  773. 

A'tr'pump,  Dr.  Papin*s  suggestion  to 
transmit  motion,  14 ;  Murray^s  pa- 
tent improved,  136. 

Atban*8  patent  engine,  252. 

American  steam  boats,  317. 

Anderson  and  Jameses  steam  car- 
riage, 557. 

ArnotVB  (Dr,)  air  engine,  078. 


Banks's  patent  metallic  piston,  742. 

Banks's  ( Thomas),  improyed  pistons 
and  valves,  742. 

Barron  (James),  his  furnace,  811. 

Barton^s  (John),  metallic  piston,  268, 
486—443. 

Beiqhton's  invention  of  *•  faand  gear,' 
26,416. 

BeUingham's  boiler  and  famace,  377. 

Benningfield  and  Beale*s  patent  en- 
gine, 271. 

Birkenshaw's  patent  railways,  571. 

Blakey*s  patent  boiler,  45. 

Blenkinsoj)p*s  steam  carriage,  322. 

fioatf  (Steam).  See  Navigation. 

Boaz^s  engine  patent,  (1805),  178. 

Boiler  furnaces.    See  Furnaces. 

Boiler,  Btakey's  pateiit,  45 ;  Belling- 
ham*s,  877;  Bnclianan's.370;  Eve*s, 
S86;  Franklin's  (feeder),  409 ;  Fra- 
zer's,  402;  Gurney's,  894;  Hall's 
mode  orsupplying,  411  ;Hall*s,379; 
Hebert*s,409;  Horton  and  Fisher's 
patent,  367 :  W.  H.  James's,  891 ; 
Long's,  406;  Maudslnyand  Field's, 
872;  MTurdy's,  374;  M*Cardy's 
duplex,  382;  Moore's,  875;  Paul's, 
868 ;  Perkins's,  897 ;  Poole's,  893 ; 
Scott's,  403;  Smith's,  871 ;  Steen- 
stnip's,  404 ;  Thompson  and  Barr's, 
376 ;  Tippetl*8, 405 ;  Woolf 's,  156 ; 
economy  of  fuel  resulting,  415;  set- 
ting of,  416 ;  economy  of  form,  363  ; 
materials  for,  864;  liability  to  rup- 
ture, 365 ;  bottom  surface  of,  966. 
36, 


Bollon^s  (  Mr.),  pai  Incrship  with  Watt, 
60. 

Bower  and  BlantVs  patent  engine,  G97. 

Braiihwaite  and  Ericsson's  steam  car- 
riage, 509. 

Bramakand  Dickenson's  rotative  en- 
gines, 106. 

Bramah's  strictures  on  Watt's  spo- 
ciflcations,  S^;  rotary  cocks  and 
valves,  1ST. 

Branca's  engine,  8. 

Breioster*s  (Dr.),  observations  on 
Worcester's  engine,  10. 

Broaderips  patent  improvements,  746. 

BrunUm's  patent  steam  carriage,  823 ; 
smoke-consuming  furnace,  78£. 

Brunei's  patent  high  pressure,  248; 
carbonic  acid  engine,  265. 

Brown's  patent  gas  vacuum  engine, 
257;  improvements  on,  258;  car- 
riage, 831,  564. 

Buchanan's  steam-boat  propellers, 
309 ;  paddles^  ib, ;  boiler,  870. 

BnrstaU  and  Hill's  patent  steam  car- 
riage, 831,  523,  527. 


Calorie.  See  Hbat. 

Carmiekael's  improvements  in  steam 
boats,  512. 

Carriages,  locomotive,  520;  Ander- 
son and  James's,  557 ;  Blenkinsopp's 
patent,  322 ;  Bombas's  patent,  565 ; 
Braithwaite  and  Ericsson's  patent, 
609;  Brown's  gas-engine  carriage, 
831,  564;  Brunton's  patent,  823; 
Burstall  and  Hiirs  patent,  331, 528, 
527 ;  Chapman's  Improvement  f 
Palmer's,  581 ;  Dodd  and  Stephe  - 
son's,  325 ;  Evans's  (Oliver),  exp  • 
riments,321 ;  Gordon's  patent,  881, 
539;  Griffith's  ditto,  331, 524;  Gu  . 
ney's  ditto,  881,  534,  545;  Hack 
worth's  ditto,  616 ;  Hancock's  steam 
carriage,  564 ;  Harland's  (Dr.),  pa 
tent,  550 ;  Holland's  patent,  558 ; 
Howard's  ditto,  659;  James's,  W 
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II.,  dftto,  831,  SIS9,  58d;  Mann's 
ditto,  565;  Medhurst*s  ditto,  564; 
Palmer's  ditto,  576 ;  resistance  to 
motion  of,  on  railways,  5Bi;  Save- 
ry's  claim  to   invention   of,  318; 
Snowden's  patent,    6S6;  Stephen- 
son's   (G.),  ditto,  607,   636;  Ste- 
phenson and  Losh's,  328;  suifffes- 
tion  of  Dr.  Rnbison  to  James  Watt, 
47 ;  Summers  ft  Ogle's  patent.  564 ; 
Trevithick  and  Vivian's,  321  ;  Vi- 
ney   and    Pocock's    patent,    567 ; 
Watt's  claim  to  invention  of,  318 ; 
Wright's  patent,  560;   wind  car- 
riaj^es,  566 ;  on  railways,  569.    See 
also  Railways. 
CartwrighVs  (Re¥.  Edm.),  improye- 
nients,    115 — his   engine,   116 — his 
metallic  piston,  118,  435 — his  rota- 
tive engine,  119 — his  portable  en- 
gine, 181. 
CatVm*t  patent  stfam  engine,  741. 
Cwrley  and  Ncfrcomen^s  engine,  28. 
Central  forces,  844. 
ehapman*M  patent  rotary  engine,  207; 

smoke-consuming  apparatus,  805. 
Vhererlon*i  carbonic  acid  engine, 658. 
Church's   {Dr.),  improvements,   va- 
rious, 748. 
Christie  and  Co,*s  high-pressare  en- 
gine. 683. 
Christie  and  Harper's  patent  fuel, 

845. 
CUgg^s  patent  rotary  engine,  200 ;  cir* 

cular  alternating  ditto,'727. 
Cock,  four- way,  428. 
Condenser,  by  Watt,  58. 
Condensers,  described,  450,  451. 
Condensutiom,  by  injection  in  cylin- 
der, 25,  34 ;  in  separate  vessel.  51. 
Congreve's  patent  steam-wheel,  227 — 

mode  of  generating  steam,  846. 
Cooke*s  rotative  engine,  104 ;  statical 

hydraalic,  642. 
Cifombs's  smoke-consuming  furnace, 

798. 
CounieT'toeight  to  pistons,  87. 
Crank  moHon,  Wasborougfa'a  patent, 
61 ;  operation  and  utility  of,  ex- 
plained, 69. 
Crowther's  parallel  motion,  188. 
Cjfitnder,  unequal  wear  of,  71 ;  vibra- 
tory, Trevithick  and  Vivian's  pa- 
tent, 151 ;  various  positions  of,  424 ; 
inclined,  425 ;  erect,  Inverted,  vibra- 
tlbg,  426 ;  revolving,  427 ;  propor- 
tions of,  427  ;  jacket  to,  427. 


J>Qkeywf*s  patent  engine,  747. 
Dawson's  patent  paddles,  505,  510. 
De  Caws' s  engine,  7. 
De  Combis'  (Afarquis  of)  ^  engine  279. 


i>el3«me*s'8nioke-oon8niiiing  femace. 
756. 

De  Afongerg't  bituminous  vapour  en- 
gine, 656. 

De  Prony's  observations  on,  756. 

DesaguUer*s  observations  on  Savery^ 
engine,  18. 

Detey^s  patent  fuel,  845. 

Dieksoxs  improved  paddles,  485. 

Dankin*9  metallic  piston,  448. 

Donkin  and  Malam*s  experiments  on 
rotary  engines,  228. 

Dodd  and  Stephtnson*s  steam  car- 
riage, 325. 

Dundonald's  (LoKcf), smoke-consum- 
ing apparatus,  761 , 


Engines,  steam,  Alban's  bigh-prev 
sure,  and  boiler,  252;    American 
steam-wheel,  680 ;  Banks's  (Thos.) 
patent  engine,  various  parts,  742 ; 
Beningfield   and  Beale  s  rotative, 
271 ;  Boaz's  patent  raising- water, 
178;  Bower  and  Bland's  raising- 
water,  697;  Branca's  (Giovanni), 
oelopile,  8;  Bramah  and  DickeOi- 
son's  rotative,  106;  Broadcrip's  pa- 
tent, various  parts,  746;  Brunei*! 
higb-pressnre,  248,  carbonic  acid, 
965 ;  Gartwright's  (Rev.  £.)»  reci- 
procating, 116;  rotative,  119  ;  por- 
table, 181 ;  Gatlin's  raising- water, 
741 ;     Chapman's    rotative,    207 ; 
Christie  and  Co.'s   high-pressure, 
^^  *  Clegg's  rotative,  200— circu- 
lar alternating,  727 ;  Cooke's  rota 
live,  104 ;  Congreve's  steam  wheel, 
227;   Church's  (William),  various 
improvements,  748 ;  Dakeyne's  co- 
nical motion,  747 ;  De  Caus's  (So- 
lomon), steam-pressure  fountain,  7 ; 
De  Combis'  (Marquis  of),  rotative, 
279;  Evans's  (Oliver),  bigh-pres- 
sure»  141;  Evans's  (J.),  rotative, 
725;    Eve*s    rotative,    274,    705; 
Flint's  rotative,  184;  Forman's  ro- 
tative, 272;  Galloway's  (Elgah), 
rotative,  983— semi-rotative,  789; 
Gri8enthwaite*8      rotative,     748  • 
Hall's  (Wilmot)  steam   and  gv 
746 ;  Halliday's  (Captain)  rotative, 
701;   Haycraft's  (Dr.)  alternating 
high-steam    and   not  water,  751; 
Hero's  (of  Alexandria),  6;  Horn- 
blower's   expansion,  w,  96 — rota- 
tive, 191,  16o;  Isaac's  boat  engine, 
695;  Loupold's  high-pressure,  40; 
Lloyd's  portable,  &2 ;  Malam's  ro- 
tative,  226 ;    Masterman's    steam 
wheel,  282;  Maudslay*s  portable, 
194;  Mead's  patent  roUtive,  196; 
Meikleham's  generating  vapour  in 
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eyliiider,  &c.  710;  Moreland's  (Sir 
S.)»  raising  water,  13;  Morey*8  re- 
TolTing  cylinder,  218;  Murdock*s 
rotative,  127;  Murray's  portable, 
153;  Newcomen  and  Cawley^s  at- 
mospheric and  Tacuuro,  23;  Nun- 
carrow's  vater-raising  by  Tacuum 
without  piston,  188;  Oelopile  (ano- 
nymous) steam-pressure, 6 ;  Onion's 
rotatlye,  2]  6 ;  Papin*  s  atmospheric, 
15— steam-pressure,  20 ;  Pattison's 
high-pressure,  667 ;  Peck's  (Tbos.) 
revolving  cylinder,  707;  Perkins's 
high-pressure,  243 — high-pressure 
safety,  711 — steam  boat,  717 — ex- 
pansion, 791 ;  Pontifex*8  water- 
raising,  229 ;  Poole's  various  parts, 
740;  proportions,  424;  Reeve's 
various  partf,  740;  RobertHon's 
rjohn  and  Jamen),  double  cy- 
linder, 143;  Routledge's  rotative, 
224;  Ryder^s  rotative,  232;  Sad- 
ler's rotatiye,  114;  Savery's  raising 
water  by  pressure  of  steam,  16 ; 
Smeaton's  atmospheric,  28 ;  (Smith's 
rotative,  738 ;  Steenstrup's  rotative, 
724;  Street's  rotative,  750;  Trcvi- 
thick  ft  Vivian's  high-pressure,  14S 
—  vibrating  cylinder,  151  — im- 
provements, 217 ;  Tippett's  expan- 
sion and  atmospheric,  730 ;  'Trot- 
ter's rotative,  178 ;  Turner's  rota- 
tive, 2 17 ;  Vaughau's  double  cylin- 
der, 250  ;  Udney's  expansion  three 

cylinders,    733 rotative,    735; 

Watt's  low  pressure,  combining  his 
Tarious  improvements,  54— rotative 
(1760), 74— ditto  (1782),79— semi- 
rotativn  ditto,  81— rotative  (17H4), 
82;  Wigston's  alternating,  689; 
Wilcox's  rotative,  186;  Hilliams'a 
new  arrangement  without  pistons, 
737;  Witty's  rotative,  208;  Wor- 
cester's (Marquis  of),  fire  water, 
work,  .9,  13;  Wright's  (S.  W.)  ro- 
tative,  099. 

Engines,  motive,  from  various  forces, 
viz.  Arnott's  (Doctor)  air,  678; 
Brown's  gas  vacuum.  257 ;  Brunei's 
carbonic  acid,  265  ;  Chfverton's 
carbonic  acid,  658;  De  Mongory's 
bituminous  vapour,  ib,  ;  Howard's 
alcohol  and  ether,  644 ;  Parkinson 
and  Crosiley's  air,  671;  Stirling's 
air,  667. 

Eccentric  motion,  433. 

EvaTis^s  {Oliver)  high-pressure  en- 
gine, 141 — steam  boat,  296,  308 — 
steam  carriage,  321. 

(J.)  rotative  engine,  705,725. 

Evans  {Hichard),  his  furnace,  8U9. 

Eve's  patent  engines,  274— patent 
boiler,  386 — safelj  valve,  4-il. 


Expansion  of  bodies  by  heat.    See 
Heat. 


Farey*s  observations  on  Watt's  spe* 
cifl cations,  77. 

Fisher's  patent  suspension  railway, 
592. 

Fitzgerald's  rotary  motion  from  rec- 
tilineal, 46. 

FlinCs  patent  rotary  engine,  184. 

Fftf-wkeel,  advantage  of^  72,454, 455. 

Forman's  patent  engine,  272. 

Franklin's  boiler-feeding  apparatus, 
409. 

Fi'ietion,  on,  843. 

Frazer*s  patent  boiler,  ftc.  402. 

Fuel,  observations  on,  845. 

FuUon''s  Rteam  boat,  307. 

Furnaces,  act  of  parliament  respect- 
ing, 770 ;  Brunton's  smoke-consum- 
ing, 785 ;  Delasme's  smoke-coo- 
■umiog,  756 ;  Dundonald's  (Lord) 
patent,  761 ;  Chapman's  patent, 
$05;  Coombs's  ditto,  792;  Oreg- 
aon's  ditto,  771 ;  Johnston's  ditto, 
782;  Jeffrey's. ditto,  804;  Losh's 
ditto,  775;  Moult's  ditto,  773; 
Murray's  ditto,  797 — regulating  ap- 
paratus  to,  125;  Parker's  patent, 
796;  Pritchard's  ditto,  799;  Ro- 
bertson's ditto,  768-~srooke-con- 
suming  furnace,  145;  Sheffield's 
patent,  760;  Steel's  ditto,  783; 
Strattou's  ditto,  800;  Stanley's 
ditto,  802 ;  Thompson's  ditto,  767 : 
Watt's  ditto,  757;  Ward's  ditto,  767; 
Walker's  ditto,  790;  Wakefield's 
ditto,  795;  Evans's,  800;  Barron's, 
81 1  ;  Jacomb's,  ib. ;  Ullbertsou's, 
814;  Howell's,  815. 


Gainsborough's  claim  to  invention  of 
separate  condensing  vessel,  52. 

Galloway's  (^El^ah),  rotative  Engine, 
283  —  serai-rotative,  739  —  steawn- 
boat  paddies,  31 1 — ditto  patent, 494. 

GUbertson's  patent  furnace,  814. 

Glossary,  847. 

Governor,  58,  453. 

Gordon's  paddle-boxes,  466 — patent 
steam  carriage,  331,  529. 

Gregory's  (Dr.)  defence  of  Hoin- 
blower,  9-3 — error  respecting  Bar- 
ton's piston,  439. 

Gregsan's  patent  furnace.  771. 

Grieve' s  improvement  in  railway 8,571. 

Grisenthwaite's  patent  engine,  748. 

Griffith's  steam  carriage,  331,  521. 

Gauge,  mercurial,  418. 

Gurney's  steam  carriage,  3S1,  58^— 
boiler,  394. 
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ifackwoHk*»  steam  carriage,  616. 

Hale's  steam- boat  propellers,  460, 510. 

HaUiday*8  patent  engine,  701. 

UaWn    {WUmU)    various   improve- 
meats,  745. 

Hall's  mode  of  feeding  boilers,  &c. 
4U0 — boiler,  &c.  370. 

Hancock's  steam  carriage,  564. 

Hand-gear  inTented  by  Beighton,  96, 
416. 

Harland^s  carriage,  550. 

Haycrqft*»  (Dr,)  patent  engine,  751. 

Heal,  latent,  of  steam,  50,  843,  S48 ; 
of  varions  vapours,  851 ;  expansion 
of  bodies  by,  836  *,  corresponding 
degrees  of,  on  the  thermometers  of 
Fahrenheit,  Reaomer,  and  Celsius, 
887 ;  linear  expansion  of  solids  by, 
889;  expansion  of  liquids  by,  340; 
expansion  of  air  by,  841 ;  specific 
heats  of  solids,  342 ;  specific  heats 
of  gases,  84s ;  capacities  for,  842; 
gases  liquified  by  pressure,  851; 
ebullition  under  pressure,  853;  at 
which  solids  and  liquids  are  volati- 
lised, 853 ;  freezing  temperatures  of 
liquids,  and  melting  points  of  solids, 
858 ;  elastic  force  of  steam,  855 ; 
of  boiling  salt-water,  and  force  of 
steam  therefrom,  850 ;  power  of  con- 
ducting in  various  bodies,  861 ;  in 
fiues,  863. 

Hebert's  boiler,  400. 

Heilbron's  patent  paddles,  505. 

Hero  of  Alexandria's  steam  machine, 
6. 

Hicks's  safety-valve,  410. 

High-pressure  engines  in  America,  48. 
457  ;  Leupold*s,  40 ;  economy  of, 
43,459. 

HUl's  steam-boat  propellers,  468. 

Holland" 8  steam  carriage,  558. 

Hooke  {Dr.),  his  suggestion  to  New- 
comen,  S2. 

Homblower*s  remarks  on  Savery's 
inventions,  IS— on  Blakey's  boiler, 
43— expansion  engine,  of  patent 
1781,  95,  08 — rotative  engine,  of 
patent  1708,  121 — rotative  engine, 
of  patent  1804,  166 ;  improvements 
upon  valves,  482. 

Horion  and  Fisher's  patent  boiler,  867. 

Howard's  steam  engine,  680 — alcohol 
vapour  engine,  644. 

HoweWs  patent  anthracite  furnace, 
815. 

Hull's  (Jonathan),  patent  for  steam 
boat,  44,  206. 

Inclined  plane,  on  the  nature  and  ap- 
plication of,  849. 
I$aac's  patent  steam  engine,  005. 


Jacomb*s  patent  ftirnaees,  81 1. 

Jacket  to  cylinder,  427. 

James's  ( IV,  H.)  steam  carriages,  SSI, 

590,  580— patent  boiler,  891. 
*I^ffer^^s  smoke-condensing  apparatas, 

S04. 
Jessop*s  natent  metallic  plsto.i,  270. 

446. 
Johnston's  boiler  furnace,  782. 


Latent  heat  of  steam,  50,  52,  342; 

table  of  experiments  on,  848;  of 

various  vapours,  351. 
Lawrence's  steam  boat,  307. 
Lean's  reports  on  engines  in  Corn- 

wall,  175. 
•  Le  CUun's  improved  tram-roads,  573. 
Lever,  on  the  propertios  of,  841. 
Leupold's  high-pressure  engine,  40. 
LiUey  and  Frazer*s  steam-boat  pro- 

peflers,  481. 
Linnaker's  propelling  apparatus,  481. 
Long's  patent  boiler,  4^. 
Losh*s  patent  boiler  furnaces,  775. 


M^Curdy's  patent  boilers,  874,  882. 

Malam*s  rotative  eni^iue,  226. 

Mann's  locomotive  air  carriage,  5C3. 

Masterman's  steam  wheel,  2^2, 

MaUhesius*s  suggestion  of  oelopile, 
6. 

Maudslay  and  Field's  patent  boiler, 
872— piston,  442. 

Maudslay's  portable  engine,  194. 

Mechanical  powers — rules  and  exam- 
ples for  the  application  of  these 
elements  of  machines,  841. 

Mead's  patent  rotary  engine,  196. 

MedhursCs  locomotive  air  carriage, 
564. 

Meikleham*»  patent  steam  engine,  710. 

Melville's  steam-boat  propellers,  487. 

Moor-e's  patent  boiler,  375.    . 

Moreland's  (Sir  Samuel),  eiigioe,  18. 

Morey^s  steam  engine,  212. 

Motion,  rotary  from  rectilineal,  Fitz- 
gerald's, 46;  ditto.  Burgess's  pa- 
tent, 105;  reciprocating-,  remarks 
on,  65;  rectilineal,  773;  eccentric, 
433;  parallel,  447  to  440;  parallel, 
Crowther's  patent,  128;  ieven»ing, 
waste  of  steam  by,  70. 

MovUVs  boiler  furnace,  773. 

Murdock*s  rotative  engine,  127 — slid- 
ing valves,  480. 

ikfurray**  regulating  apparatus,  195, 
797 — nozel  valves,  134  air  piun;», 
186-^ortable  eDgine,  15ft. 


INDEX 

Naime*s  propelling  apparatas,  471.  d 

Narigatiom  by  steam,  S95, 466 ;  Jona-  2 

than  Hnirs  patent,  44, 396 ;  Trevi-  Pai 

thick's  propelling  apparatus,  217;  e 

Clirer  Enuis*s  impcoTements,  ^96,  Pai 

303 ;  Lymington's  stoam  boat,  298 ;  Pat 

Fulton's    ditto,    307;    Lawrence*s  T 

ditto,  ib, ;  propelling  by  oars,  i6. ;  Poj 

by  spiral  worms,  308;   by  chain  o 

paddles,  ib. ;  by  crank  paddles,  S09 ;  Pat 

rotative  Tertical  paddies,  by  Bn-  g 

chanan,  ib. ;  paddle  wheel,  by  £.  si 

Galloway,   311;    "United    King-  Pat 

dom"  steam  ship,   ib. ;    American  Pec, 

steam  boats,  S17;  Gordon's  patent  Peei 

paddle  boxes,  466;   Hill's   patent  7t 

propelling  apparatus,  468 ;  Palmer's  Per^ 

patent  ditto,   470;    Nairn's   ditto,  2 

471 ;  Steenstnip's  ditto,  472 ;  Hale's  7: 

ditto,  480 ;  Skeeoe's  ditto,  476 ;  ex-  b 

periments    with,    479;  Linnaker's  re 

Eatent  propelling  apparatus,  481 ;  w 

illey  and  Fraaer's  ditto,  ib. ;  Ste-  bi 

¥etts*s  ditto,  482 ;  experiments  and  g:i 

observations  on,  484 ;  Dickson's  pad-  Pist. 

die  wheels,  486  ;  Melville's  patent  cc 

{> repelling  apparatus,  487 ;  O.  WiU  to 

iams's  ditto,  401;  A.  Robinson's  G 

ditto, 402;  F.  Neale's  ditto,  498;  pi 

£.  Galloway's  ditto,  494  ;  Poole's  si 

ditto,  495 ;  account  of  experiments  S| 

with,  497;  Perkins's  patent  pro-  7 1 

polling  apparatus,  498 ;  experiments  4.': 

with,  601 ;  Heilbronn's  patent  pro-  si: 

polling  apparatus,  506;  Dawson's  ar 

E repelling    apparatus,    ib.,    510;  lii 

[ale's  patent  propelling  apparatus,  ni 

16.;  Carmichael's  mode  of  regula-  P/ai 

ting  motion,  512 ;  internal  arrange-  Poti- 

ment  of  steam  vessels,  518.  Poa 

^eate'g  propelling  paddlen,  493.  Pool 

Nefveammi  and  Cowley's  experiments,  4j! 

22 — engine,  23 — accident  discovers  Pool 

to  them  the  mode  of  condensation  Poi ' 

by  jet  of  cold  fluid,  26.  Pon « 

Tfi£i»on*s  improTements  in  railways,  a 

671.  El 

Ifunearr&w*s  engine,  338.  Pon 

e  [ 

OehpUe,  whirling,  6.        '  ^^^ ' 

Oi|ions's  patent  rotary  engine,  216.  '^^' 

Paddles  for  steam  boats.    See  Nati-  Pri ' 

GATION.  n  ' 

Palmer's  stcam-boat  propellers,  470.  Prt  j 

Palmer^ s,  (H.  R.)  railway  and  car-  v 

riage,  576.  Prt  i 

Papin  (Dr.),  his  experiments,  13,  19  C  i 

—Invention  of  safety  valve,  14 —  Pre  | 

transmitting  power  by  air  pump,  ib.  e  i 

— Tacnnm  in  cylinder  by  explosion  Pul  t 

of  ganpowder,  ^.— Tacuam  by  con-  o  . 
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Pump,  air,  4dO ;  Tredgold  on,  451  ; 
injection  and  supply,  452. 

Mailwaytj  edge,  560 ;  Geo.  Griere's 
improTemeot,  571 ;  Neilson's  dit'o, 
ib, ;  with  rectangular  bam,  <5. ; 
Birkinshaw's  patent,  ib. 
RaUwayM^  tram,  572 ;  Le  Caen's  im- 
prorements,  57S;  WiUun's  ditto, 
574;  fn  South  Wales,  575. 
JtciArayf,  saspension.  Palmer's  patent, 
570;  Tredgold  on,  580;  Fisher's, 
580;  W.  H.  James's  machinery, 
589 ;  between  Manchester  and  Li- 
Yerpool,  historical  account  of,  590 ; 
description  of^  505;  account  of 
costs,  600 ;  public  trial  of  locoroo- 
tlTe  machines  on,  605;  resistance 
upon,  584 ;  improved  dynamometer 
for  ascertaining  of,  5S5;  table  of 
resistances  upon,  586 ;  experiments 
on  Inclined  planes,  625;  opening  of 
Manchester  and  Li?erpool,  6S8w 

Reciprocating  motion.  See  Motion, 
reciprocating. 

Reetiltneal  motion.  See  Motion,  rec- 
tilineal. 

Reevet*s  patent  pistons,  749. 

Rider**  patent  rotative  engine,  932. 

Reberison'M  (John  and  James)  engine, 
14S,  768;  smoke-consuming  fur- 
nace, 145. 

Robinton's  {Arehibaid)^  patent  pad- 
dles, 492. 

J2o6itoii  (X>r.)«  bis  observations  on 
Worcester's  engine,  10— ditto  on 
Savory's,  18 — bis  suggestion  of 
steam  carriages  to  Watt.  47. 

J}oe6urit(Z>r.)his  patent  with  Watt,  59. 

Ro*$  (Captain)^  his  opinion  of  Ste- 
vens's paddles,  484. 

Rotary  engines,  various.  See  En- 
gines, rotative;  defects  of,  73. 

Rotary  motion.    See  Motion. 

Routledffe's  rotary  engine, 

Sadler's  rotative  engine,  114. 

Safety  valve,  invented  by  Dr.  Papin, 
14;  improvement  of  Woolf,  164; 
remaiks  on,  410;  mercurial  guage, 
418;  Hicks's,  419;  Eve's,  421; 
Sockle's,  422. 

Savery*s  model,  exhibited  to  king 
William  III.,  15 — patent  engine, 
16 — claim  to  invention  of  steam 
carriage,  318. 

Seoyger^  invention  of  Humphre}  Pot- 
ter, 26. 

SeMe  patent  bo  1p  ,  403.   ' 

Screw^  on  the  na  u  e  and  application 
of,  843. 

SkeffiehVt  smoke  •consuming  furnace, 
76-9. 


Sheen's  paddle  wheels,  476. 
Smeaton^s  improved  modiftcationt  «f 

steam  apparatus,  96 — atmoapherit 

engine,  28. 
Smithes  patent  boiler,  371. 
Snoirden's  patent  railway  and  ear* 

riage,  636. 
•  Soekl's  safety  valve,  420. 
StatUey*8  smoke-consuming  furnace, 

802. 
Steam^  on  the  natnre  and  properties 

of,  (see  also  Hbat  and  Tablbs), 

335 ;  waste  of,  on  reversing  motion 

of  reciprocating  engines,  70. 
StecVs  boiler  furnace,  788. 
Sieenstrup^s  patent  rotary  engine,  721 

— boiler,  464. 
Stirling's  patent  air  engine,  667. 
Stevenson  and  LesWs  steam  carriage, 

3SS. 
Stevenson^s  {Geerge)  locomotive  en- 
gine, 607,  636. 
Slevem^s  patent  paddle%  482. 
Stewart's    remarks    ou    Worcester's 

engine,  10. 
Stratton*s  smoke-consuming  furnace, 

800. 
Street's  patent  engine,  750. 
Summers  and  Ogle's  steam  earr'ase, 

564. 
Sun-and^planet  wheel  motion,  69. 
Sundeiland's  patent  fuel,  846. 
Symes's  hydrostatic  piston,  444. 
Sffminffton*8  steam  boat,  296. 

Table^  showing  corresponding  degrars 
of  heat  on  the  thermometers  of 
Fahrenheit,  Reaumer,  and  Celsius, 
837 ;  of  the  linear  expansion  of  so- 
lids by  heat,  339 ;  of  expansion  of 
liquids  by  heat,  840 ;  of  expansion 
of  air  by  heat,  341 ;  of  specific  heat 
of  solids,  342 ;  of  specific  heat  of 
gases,  ib. ;  of  capacities  for  heat  in 
various  bodies,  ib.;  of  results  of 
experiments  on  latent  heat  of  steam, 
848 ;  of  latent  heat  of  various  va- 
pours, 351 ;  of  volatilising  points 
of  solids  and  liquids,  353  ;  of  freez- 
ing points  of  liquids  and  melting 
points  of  solids,  ib. ;  of  elastic  force 
of  steam,  from  32  to  320<*,  357 ;  af 
boiling  points,  &c.  of  salt  water, 
369 ;  of  conducting  powers  of  to- 
dies, 361 ;  of  resisting  forces  on 
various  railways,  586;  of  experi- 
ments on  the  cohesion  of  varioat 
metals,  822 ;  on  the  twist  of  bars  of 
dijferent  metal,  824;  on  the  crush 
ing  of  timber,  stone,  &o.,  625 ;  on 
the  transverse  strain  of  bars,  828 ;  of 
the  weight  of  flat  iron,  S3 1 ;  square 
and  round,  832;  of  the  weight  of 
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east-iion  plates,  sheet  lend,  &c., 
8S3  ;  oast-iron  pipes,  834 ;  of  force 
of  s^eam  at  high  densities,  837  ;  of 
the  ayerage  labour  of  hornet,  839. 

7%ompgon*s  smoke-constiming  fur- 
nace, 767. 

Thompstm  &  Barren  patent  boiler,  S76. 

TippelCa  patent  ileam  engine,  730 — 
boiler,  i^, 

Tnan'frajfs.    See  R4ilwat8,  tram, 

lYedgoltrs  improyement  U4>on  slide- 
valves,  433— opinion  of  Palmer's 
railway,  580 — erroneous  sugges- 
tions respecting  Barton's  piston, 
441,  44«. 

Trctilhiek  amd  Vivian's  stGam  car- 
riage, 391 — high- pressure  engine, 
I4S->Tibrating  cylinder  and  boiler, 
151. 

Trevitkick^s  improvements  in  engines, 
217 — steam-boat  propelling  appa- 
ratus, t&. 

TS'otter^s  patefit  engine,  170. 

Tumer^s  patent  rotative  engine,  217. 

TuthiWn  {Dr.)  evidence  on  effects  of 
smoky  atmosphere,  774. 

Udny*s  patent  expansion  engine,  732 

—rotary,  786. 
United  Kingdom  steam  ship,  811. 

Vacuum,  Dr.  Papin's  suggestion  to 
obtain  by  explosion  of  gunpowder, 
14  ;  by  condensation  of  steam,  ib. 

VtUvetj  Murray's  patent,  134;  of 
safety,  (see  $€{fety  vtUvet)  ;  throt- 
tle, 42i3 ;  four- way  cock,  f&. ;  D  sli- 
ding, 429 ;  Mnrdock's  sliding,  430 ; 
conical,  432;  Watt's  improvement 
upon,  t6.;  Hornblower's,  ib,;  Trcd- 
gold*s  improYements  on,  433;  Per- 
kins's, 454 ;  Field's  regulating,  ib, 

f^apourst  elastic,  on  the  properties  of, 
835. 

Vauffkan*B  patent  engine,  250. 

Viney  and  PococVs  locomotive  car- 
riage, 567. 

Wakefield's  patent  boiler  furnace,  705. 

Waiktr^s  amoke-consuming  furnace, 
790. 

Ward's  smoke-coDSuming  furnace, 
765. 

Wasboraugh's  patent  for  crank  mo- 
tion, 01. 


Water,  supply  of,  to  boilers,  409, 411, 
452. 

Watt  (James) ,  biographical  notice  of, 
47— suggestion  to,  by  Dr.  Robl- 
son,  on  steam  carriages,  46— his 
early  experiments,  49 — on  latent 
heat  of  steam,  50 — inyention  of  con- 
densing in  separate  vessel,  51— his 
engine  combining  his  various  im- 
provements,54 — bis  parallel  motion, 
56 — goven^or,  hS,  453 — condenser^ 
66 — his  single-action  pumping  en- 
gine, 59 — partnership  with  Dr.  Roe- 
buck, and  subsequently  with  Mat- 
thew Bolton,  ib,  61->sun-and-planet 
wheel  motion,  ib. — working  by  eX' 
pansion,  62 — imperfection  of  some 
of  his  plans,  04 — rotary  engine  (pa- 
tent 1769),  74— defective  specifica- 
tion of,  75 — Farcy's  observations 
on  ditto,  77 — rotary  engine  (patent 
1782),  70— semi-rotative  (ditto),  81 
— rotary  engine  (patent  I784J,  82 — 
Bramah's  strictures  upon  VVatt's 
obscure  specifications,  84 — remarks 
upon  Wood's  pump,  01— Playfair's 
opinion  of  Watt,  95 — smoke-con- 
suming furnace,  757 — claim  to  in- 
vention of  steam  carriages,  818--- 
improvement  upon  slide  valves,  482. 

Wedge,  on  the  nature  and  application 
of,  843. 

Weight  and  strength  of  materials,  Ac. 
818  ;  experiments  on  cohesive  force 
of,  822;  weight  of  given  quantities 
of  various  metallic  manufactures. 
See  Tables. 

Wheel  and  nxlo,  on  the  nature  and  ap- 
plication of,S42. 

Wigston's  patent  steam  engine,  6S0. 

Wilcox's  patent  for  saving  fuel,  170— 
rotative  engine,  186. 

Williams's  (O.)  patent  paddles,  491. 

WUliams*s  steam  engine,  737. 

Wilson's  improved  tram-ways,  574. 

Wind^  carriages  propelled  by,  666. 

Witty's  patent  rotary  engines,  208. 

Woolf's  patent   boiler,    )53— safety 
valves,   164 — his    experiments   on 
high-pressure  steam,  17^— his  ex 
pansion  engine,  178 — pistons,  176. 

Worcester's  7 J/arouit  qf)  engine,  0, 
13. 

Wright's  (S.  W,)  patent  rotative  en- 
gine, 600— locomotive  engine,  564. 


Erratvm. — The  paragraph  relative  to  Mr.  Stevens's  paddles,  inserted  at 
page  460,  should  have  followed  the  fifteenth  line  of  page  485 
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NEW    AND  VALUABLE  PUBLICATIONS 


THE  NEW   PRACTICAL 

BUILDER,  and  Workman's  Com- 
panion :  containing  a  full  Display  and 
Elucidation  of  the  most  recent  and 
skilful  Methods  pnrsaed  by  Architects 
and  Artificers,  in  the  \'ariouB  depart- 
ments i4  Carpentry,  Joinery,  Brick- 
laying, Masonry,  Slating,  Plumbing, 
Painting,  Glaring,  Plastering,  frc.  Ac. 
Including,  also,  new  Treatises  onOco- 
nietry,  theoretical  end  practical.  Tri- 
gonometry, Conic  Sections,  Perspec- 
tive, Shadows,  and  Elevations;  a 
Summary  of  the  Art  of  Building:  Co- 
pious Accounts  of  Building  Materials, 
Strength  of  Timber,  Cements,  ftc. ;  an 
extensive  Glossary  of  the  Technical 
Terms  peculiar  to  each  Dc^iartment ; 
and  the  Theory  and  Practice  of  the 
Five  Orders,  as  employed  In  Decora- 
tive Arcliitectare. 

•a*  Thi'  valuablcWork  la  nea'ly  prtntnl  in  Qimt^o, In 
}(v.Frli*«  l*.raeh,  a»4  in  Panaai  &<■  The  ntimerout 
pla  •»  ar*  enf  rat  ad  in  a  ■upeiior  •>>  la,  from  th«  orif;!- 
iiBi  Detifn*  of  the  moat  «iiitnf  n(  Archnrcittral  Anintia. 
Seliantca  and  Diairranra  ara  ln(ro4iic«tl  in  ih«  Lauet- 
|ir0»a.  le  illuatraia,  in  the  moat  p«r>ptrnn«iB  ma  oner. 
ihf»»a  nihiacia  which  f«quira4t.  Tha  wh^la  la  catn- 
ple'ad,  inciiidinr  **Tli*  Pkacticai.  DtMLnaa*!  Paaparuai. 
PaicB-Bo4>iL«**  in  90  Pai-ts,  or  140  Niimham.  ana,  two,  or 
mora  of  wbtrh  may  ba  kad  ax  a  ttoie,  at  tte  oi^ioa  of 
tba  bulHerihrn. 

PRACTICAL   CARP  EN- 

TRY,  JOINERY,  AND  CABINET- 
MAKING  :  being  a  new  and  coro> 
plete  SYSTEM  OF  LINES,  for 
the  Use  of  W  or  it  men  ;  founded  on  ac- 
curate Geometrical  and  Mechanical 
Principles.  Completed  In  80  numbers, 
price  it.  each,  or  6  Parts  at  ba.  each  ; 
containing  90  plates,  and  numerous 
illustrative  Diagrams. 

.    PRACTICAL  MASONRY, 

BRICKLAYING,  AND  PLASTER- 
ING, both  Plain  and  Ornamental; 
containing  a  New  and  complete 
System  of  LINES  for  STONE- 
CUTTING,  for  the  Use  of  Workmen ; 
with  the  Formations  of  Mortars  and 
Cements;  including  also.  Practical 
Treatises  on  Slating,  Plumbing,  Paint- 
ing, and  Glazing ;  and  a  full  Descrip- 
tion of  the  vtffious  Materials  employed 
in  these  Arts.  Completed  in  80  Num- 
bers, price  Is.  each,  or  6  Parts  at  &#.; 
containing  60  plates,  and  numerous 
illustrative  Diagrams. 

KELLY'S     PRACTICAL 

BUILDER'S  PERPETUAL  PRICE- 
BOOK.  Completed  in  16  Numbers, 
royal  octayo,  price  6d.  each ;  or  sewed, 
price  8s.  illostrated  by  Eigh^  appro- 
priate EograTiofS. 


THE    OXFORD    ENCY- 

CLOPiEDIA.  Tbls  Talaable  and 
comprehensive  Work  on  the  Arts  and 
Sciences,  in  their  modem  and  ImproTed 
state,  is  at  length  eompleted.  This 
great  undertaking  was  commenced  at 
Oxford  in  the  Year  181S,  and  com- 
prises 7  vols,  in  Quarto.  The  Sub* 
Bcribers  who  commenced  the  Work  in 
Parts  or  In  Numbers,  may  have  their 
sets  completed,  by  giring  orders  to 
the  respective  Booksellers.  This  Is  the 
only  Encyclopedia  which  gives  the 
various  Arts  and  Sciences  in  ditiinei 
TreatiMtt,  It  contains  a  vast  fund  of 
human  knowledge,  and  forms  one  of 
the  most  useful  and  important  Works 
on  English  Literature  ever  yet  pub- 
lished in  this  country.  The  Engravings 
are  very  numerous  and  neatly  executed. 
It  may  be  bad  in  85  Parts  at  8s.,  or  In 
70  Half  Parts  at  4s;  or  the  whole  in 
Seven  large  4to.  volumes,  bda.^15. 

THE  PRACTICAL  GAR- 

DENER  and  Modern  Horticulturist, 
sliowing  the  most  approved  Methods 
for  the  Management  of  the  Kitchen, 
Fruit,  and  Flower  Garden,  the  Green- 
house, Hol-liouse,  &c.  for  every  Month 
in  the  Year,  including  the  Method 
of  Heating  Forcing- houses  with  Hot 
Water;  forniuig  a  complete  System 
of  Modern  Piactice  in  the  Various 
Branches  of  Horticultural  Science. 
Just  completed  in  lOParts,  price  2s.  6d. 
each,  or  in  9  vols,  boards,  £2^  illus- 
trated by  numerous  coloured  plates  of 
the  most  esteemed  Fruits  and  Flowers, 
and  the  latest  Designs  for  the  Erec- 
tion of  Green-houses,  Constvvatories, 
Hot-beds,  &c.  &c  By  C.  M^ntosb, 
CxM.C.H.S.  Head  Gardener  to  H.R.H-. 
Prince  Leopold,  at  Claremont. 

By  the  same  Author,  forming  a  suitable 
Companion  to  the  above, 
FLORA  and  POMONA;  or, 
the  British  Fruit  and  Flower  Garden, 
containing  Descriptions  of  the  most 
valuable  and  interesting  Flowers  and 
Fruits  cultivated  in  the  Gardens  of 
Great  Britain,  the  period  of  their  In- 
troduction, Botanical  Character,  Mode 
of  Culture,  Time  of  Flowering,  ftcwith 
a  Definition  of  Botanical  and  Ciassieal 
Terms.  To  which  will  be  added.  In- 
structions for  Drawing  and  Colouring 
Fruits  and  Flowers,  with  Directions 
for  mixing  the  Colours,  ftc.  by  Mr. 
E.  D.  Smith,  F.L.S.  In  8vo.  I  he 
plates  accurately  coloured  from  Na- 
ture, 2s.  6d. ;  and  in  4to,  8s.  each  part. 


London:  Printed  for  THOTVI AS  KELLY,  Paternoster  Row, and 
Sold  by  all  Booksellers  in  the  United  Kingdom. 
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